ineerin 
ee oe ais = 
e 0% m4) || 
= 


The new patented WILFLEY 
MODEL ‘“‘K”’ centrifugal sand 
ae are designed for maintained 

igh efficiency in rugged service and 
trouble-free operation. They com- 
bine the original WILFLEY prin- 
ciples with new improvements devel- 


BELT DRIVEN, overhead V-belt 
driven and direct driven WILFLEY 
Model “K” pumps available in 1”, 
14%”, 2”, 2144", 3”, 4”, 5”, 6”, and 8” 
discharge sizes with capacities to 


oped through years of engineering 
experience. 


WILFLEY SAND PUMPS may be fitted with interchangeable electric furnace 
alloy iron or rubber covered wear parts to best meet the requirements of each 
pumping installation. The WILFLEY wear part design is ideal for rubber 
covering as ample clearance around the runner assures a practical and depend- 
able rubber lined pump. Wherever you have a solids transfer job specify the 
WILFLEY Model “K” sand pump — for continuous, trouble-free performance, 
simple installation and stepped-up production. 


3000 GPM and heads as high as 200’. 


INDIVIDUAL ENGINEERING ON EVERY APPLICATION 
A. R. WILFLEY and SONS, INC. 


DENVER, COLO., U.S.A.-NEW YORK OFFICE: 122 E. 42ND ST., NEW YORK CITY 17 
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one BIG SCREEN 


does the work 
of multiple units 


Husky 20-footer 
offers many 


profit-building advantages 


Volume — This single, high tonnage Low-Head 
vibrating screen is a unit that out-produces a series 
of two or more screens in coal, metal mining and 
rock products fields. 


Multiple operations on one screen — 
Operations in sequence, such as draining, washing 
and dewatering, are accomplished on one big Allis- 
Chalmers screen. 

Cut Cost...Save Space 


Obviously, in the application of a single unit, 


installation cost is considerably less than that of 
multiple units. Feeding arrangements are simpler. 
Collecting hoppers and chutes are easier to install. 
Maintenance costs are proportionately lower. And, 
of course, a single big unit takes up less space than 
a multiple unit installation. 


For complete information, see your Allis-Chalmers 
representative or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, Wisconsin. Ask 
for Bulletin 07M7500-111. 


Low-Heod is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 
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OPEN TYPE CELL DESIGN permits simplicit LESS DOWN TiME— 
efficiency in flotation rougher circuits, fers then per SIMPLE Part Replecoment 


COST<SIMPLE SIMPLE, High Tonnes: 


LESS POWER—-l4igh eliiciency at Lowder ms item 


COMPARE SPECIFICATIONS, PR!CE AND PERFORMANCE Which machine 


METALLURGY—Equal will make 
most profit 
for you? 


MACHINE 
PERATION COST PAR? LIFE 

Same power tate, gine ore, same grind, 
aber same ge, but 
eviad of tiene) 


(For Comparable 
Flowshaetl 


INTIAL COST STALLATION COST 


Denver "Sub-A" Flotation Machine has done 
what no other machine was able to do dur- 
ing the past 40 years. 

RECENT CASE HISTORY— 


At this plant various competitive flotation tests 
have been conducted to determine if there was a 
better rougher flotation machine than the 
existing plant machine. During the past three years 
this 1680 ton per day mill established two parallel 
identical 840 t.p.d. rougher flotation circuits. One 
circuit served as control, other circuit was used for 
tests. Competitive tests were conducted between 
(A) existing plant machine (control circuit), and 


(B) a Denver "Sub-A" Flotation Machine and (C) 
one of the other competitive rougher machines. 


DENVER + NEW YORK CHICAGO - 
MEXICO, 


DENVER “Sub-A" Flotation Machines were 
purchased by this company for their rougher 
flotation circuit because: 


INITIAL COST was competitive. 
SAVINGS ON INSTALLATION COST due to sim- 


plified mill construction and fewer pumps. 

SAVINGS ON HORSEPOWER of 30%. 

SAVINGS ON OPERATION through simpler oper- 
ation of machine and circuit. 

LONGER PART LIFE — DENVER "Sub-A" parts 
lasted up to 4 times longer plus extra produc- 
tion due to less maintenance. 

METALLURGY—Equal to slightly better. 


—Don't overlook the unseen factors in flo- 
tation that affect your profits. 


“The firm that makes tt friends happier, healthier and wealthier” 


DEN MERSE OW TE 


Je 


VANCOUVER - 
JOHANNESBURG 


TORONTO 
LONDON - 


means 
greater | 4 
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PERSONNEL 


T HE following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies. 
Local offices of the Personnel Service are at 
8 W. 40th St., New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago 1. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli- 
cation. The applicant agrees, if placed in o 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 
year 
——MEN AVAILABLE 


Geophysicist, 29, B.S. in geo- 
physics. Four years mining explora- 
tion experience in Canada, Alaska, 
U. S., and South America, using all 
types of geophysical equipment. 


EXPLORATION GEOLOGISTS 
MINE AND MILL FOREMEN 


Applications are invited by well- 
established Philippine mining organ- 
ization for staff positions as explora- 
tion geologists, mine and mill fore- 
men. Must be capable of accepting 
responsibility and be willing to work 
industriously and conscientiously. 

Qualifications for Exploration Geolo- 
gist: Graduate of university or school 
of mines with degree in geology, at 
least ten years experience in min- 
eral exploration and mining geology, 
with well established organizations. 
Thoroughly familiar with minerals, 
mapping methods and application of 
aerial photography. Duties will involve 
field work throughout the Philippines 
for gold and base metals. Single 
status applicants preferred. 

Qualifications for Mine Foremen: 
Graduate of university or school of 
mines with at least ten years under- 
ground or open-pit experience, at 
least five years of which has been in 
supervisory capacity. 

Qualifications for Mill Foremen: 
Graduate of university or school of 
mines with at least 10 years cyanide 
mill experience of which five years has 
been in supervisory capacity. 

Substantial commencing salary, good 
opportunity for advancement, excellent 
living conditions and excellent school- 
ing for children. Standard three-year 
contract with transportation to and 
from Philippines for employee and 
family paid. 

Applicants must furnish technical 
qualifications and experience, together 
with references as to character and 
experience with applications, which 
should be addressed to: 

BOX 14-ME AIME 
39 West 39th St., New York 18 


Speak fluent Spanish. Prefer foreign 
location. M-355-San Francisco. 


Geologist, 31, A.B. and M.S. de- 
grees. Three and one half years ex- 
ploration and property evaluation 
experience and two years mine ge- 
ology, development, and engineering 
experience in iron, nonferrous met- 
als, and nonmetallics. Prefer eastern 
U. S. M-356. 


Geologist, 42, B.S. and MS. de- 
grees. Experience in exploration and 
mining geology, metallic and non- 
metallic mineral deposits of many 
types including placers. Consider- 
able administrative experience. Now 
employed United Nations in Far 
East. Seeking position with growing 
company engaged in active explora- 
tion and development of diversified 
mineral deposits. Prefer western 
U. S. but will consider other loca- 
tions. Available early 1958. M-357. 


Mining Engineer, 1955 graduate, 
age 25, married, one child. Four 
years summer experience in Cana- 
dian mining. Completing two years 
Army service. Desire opportunity to 
regain experience and prove ability, 
U. S. or Canada. Available October 
first. M-358 


Mining Engineer, B.S. and MS. 
degrees, age 47. Eight years experi- 
ence laboratory research and ore 
testing, eight years mineral search 
and appraisal on three continents, 
three years mining and two years 
engineering instruction. Owns pat- 
ented gold prospect. Desires position 
in research or analysis, appraisal 
and report writing. Prefer U. S. or 
Canada. M-359. 


Economic Geologist, M.S. degree, 
age 29. Six years experience geolo- 
gical mapping and exploration for 
metals and nonmetals in U. S and 
Latin America. Some geochemistry 
and core logging. Resident work 
preferred. Location desired, Latin 
America, south or east U. S. M-360- 
DM9325. 


Mining Geologist, 30, B.S. and 
M.A. in geology, married, one child, 
World War II veteran. Four years 
experience in exploration, develop- 
ment, and underground mining. 


ENGINEERS 


To work in an expanding research 
division. Men with advanced de- 
grees preferred—for fundamental 
work in chemical and mineral en- 
gineering processes. For further 
details write to: 


M. C. Rohm 
Employment Section 
Allis-Chalmers Mfg. Company 
Milwaukee 1, Wisconsin 


Prefer responsible position with 
good future. M-361. 


Mine Superintendent, B.Sc. and 
E.M., age 46. Twenty years experi- 
ence in mine operation and produc- 
tion work. Underground vein and 
flat-bedded metal mines. Up-to-date 
on mining methods, excellent per- 
sonnel handling, safety, and cost 
control records. Employed, available 
30 days. Prefer east or northeast 
U. S. M-362-832-Chicago. 


POSITIONS OPEN——— 


Junior Mining Engineer, for sur- 
vey plan work. Must be good com- 
puter. Salary, open. Location, Flori- 
da. W5309 (a). 


Engineers. a) Mineral Dressing 
Engineer, B.S. in mineral dressing, 
M.S. preferred, with two to five 
years experience in field. Will per- 
form economic analyses of ore bene- 
ficiation processes. Excellent oppor- 
tunity for growth into key position. 
Salary, to $9000 a year. c) Ore Dress- 
ing Engineers, B.S. in metallurgy 
or mineral dressing, with up to five 
years experience, to perform de- 
velopment work on ore beneficiation 
processes. Salary, to $7200 a year. 
Locations, a) Pennsylvania, c) 
Michigan W5295. 


Department Head, research, both 
applied and basic, in mineral bene- 
ficiation; Ph.D. desirable but not 
necessary; preferably at least ten 
years experience in ore dressing 
and extractive metallurgy. Must be 
able to carry developments through 
to production usage. Salary, $11,000 
to $13,000 a year. Location, Florida. 
W5189. 


Engineers, for mining operation. 
a) Mechanical-Electrical Engineer, 
with experience in power generation 
and transmission motors, installation 
and maintenance, machine shop, etc., 
for gold lode property. Base salary, 
$7800 to $8400 a year; social bene- 
fits provided by local law bring 
salary up to approximately $9,420 
to $10,080 a year. Furnished house 
provided free of charge. b) Assist- 
ant Mill Superintendent, with ex- 
perience in cyanidation and lead 
flotation plants for 500-tpd gold mill. 
Base salary, $6000 a year; social 
benefits provided by local law bring 
salary up to approximately $7260 a 
year. Furnished house provided free 
of charge. Location, South America. 
F5163. 


Geophysicist-Geologist, to 35, ba- 
chelor’s degree in geology or phy- 
(Continued on page 1046) 


SCRAP TUNGSTEN CARBIDE 
ROCK BIT INSERTS 
ere regularly purchased by Macro Tung- 
sten Refinery. For our quotation F.0.B. 
shipping point, write P.O. Drawer 440, 
Port Coquitiam, B.C., Canada. 
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Gardner-Denver 


DHI43 


Don’t settle for halfway measures when you 
want rock drilling depth. Move in and drill 
deep holes fast with the Gardner-Denver 
DH143. This hard-hitting rock drill has a 
514” hammer diameter . . . handles rod 
changes to 20’ . . . delivers the heavy-duty, 
deep-hole punch needed in pits, quarries 
and open cuts. It allows you to select the 
proper bit and plan the proper spacing for 
the best breakage in any ground. 


GARDNER-DENVER SECTIONAL DRILL ROD EQUIPMENT WITH RING SEAL SHANKS 


— 


Use Gardner-Denver ring seal shanks and sec- ed Shank—trouble-free, long-wearing “‘O”’- 


tional en rods with the DH143. They are made Threads—specially long for greater durability. 
like the drill Couplings—designed and developed for the job. 
Rods—specially treated like the finest quality rock 
techniques—shot peened and carburized—give drill parts. 
this drill steel lasting deep hole drilling durability. Carbide @it—holds gauge on deepest holes. 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


+ GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Litd., 14 Curity Avenue, Toronto 16, Ontario 
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For roughing, scavenging and cleaning 


Wemco Fagergren Flotation Machines 


deliver the most per foot 
and per dollar. 


Where flotation machines are used by the acre, the Wemco 
Fagergren is by far the most frequent choice. The reasons are 
equally important to the user of many cells or few. 
Because the large operators can afford and do run the most 
exhaustive competitive tests, they are able to determine which 
flotation machines provide the most profits at least cost. 
Their choice of Wemco Fagergrens is based on these 
well proven advantages: 

1. Greatest capacity per dollar investment 

2. Highest recovery of values 

3. Smallest floorspace requirements 

4, Minimum reagent cost 

5. Lowest supervision requirement 


Wemco's field engineers can show you the proof. 


Write today for further information 


WESTERN MACHINERY CO. 

650 Fifth Street - San Francisco 7, Calif. 
Representatives throughout the United States 
and Canada and in major countries around 
the world. 


. 


Here’s why the JR-38B 


UNIVERSAL JACKDRILL 


gives you 
MAXIMUM FOOTAGE 
PER SHIFT 
at 
LOWEST 
OVERALL COST 


Set-up time can be converted to drilling time with the 
Ingersoll-Rand JR-38B Jackdrill —the easiest-handling 
one-man universal drilling unit ever developed. Designed 
to take full advantage of the inherent economies of 15%” 
Carset Jackbits, it saves drilling time, too, and reduces air 
requirements as well. The JR-38B is rugged — it stays on 
the job. These savings add up to maximum footage per 
shift and a new low in drilling costs. 


The features at the left give some of the reasons for 
this outstanding Jackdrill performance. For the complete 


story, see your I-R man or send for a copy of Bulletin 
4144A. 


11 Broadway, New York 4, N.Y. 


DRIFTERS - JACKDRILLS - JACKHAMERS + CRAWL-IR DRILLS + CARSET BITS - AIR TOOLS - COMPRESSORS 
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sics, with minimum of five years 
practical experience as qualified 
geophysicist. Should be capable of 
planning and conducting prelim- 
inary preparations for geophysical 
work on various projects; evaluate 
reliability of results and make geo- 
logical interpretations of seismic 
data, coordinate and evaluate gravi- 
meter and magnetometer work in 
relation to reflection seismic work. 
Salary, to $10,200 a year. Single 
status preferred; one-year family 
separation if married. Location, Far 
East. F5157. 


Administrative Assistant, degree 
in mining engineering, 27 to 32, with 
three to six years experience in 
mining, to prepare ore and metal 
studies considering economic as well 
as technical aspects; review reports 
on outside properties to determine 
potential as mining ventures and 
summarize important facts; review 
monthly progress reports from sub- 
sidiary companies, etc. Salary, $6000 
to $9000 a year. Location, New York. 
W5131. 


Field Geologist, for large con- 
struction firm operating in Peru. 
One to two years experience in the 
field. Single status. Salary, $7200 a 
year plus room and board. Three 
year contract. F5124. 


Research Engineer, mineral bene- 
ficiation, 24 to 35, M.S. degree in 
mineral beneficiation and up to two 
years experience, or B.S. in mineral 
beneficiation and one to three years 
experience. Experience preferred in 
research or development facilities 
with broad interests, i.e., not spe- 
cializing in one phase of mineral 
beneficiation. Experience in opera- 
tions of a mineral beneficiation plant 
processing nonmetallics acceptable. 
Salary, open. Location, West Coast. 
W-5112-C6319. 


Metal Statistics—1957, published by 
the American Metal Market, 18 Cliff 
St., New York 38, N. Y., 856 pp., 
$3.50, 1957.—The little red book, as 
it is known in the metal industries, 
contains over 400 statistical tables 
covering production, consumption, 
prices, and other data on ferrous 
and nonferrous metals. 


Engineering Analysis, A Survey of 
Numerical Procedures, by Stephen 
H. Crandall, McGraw-Hill Book Co. 
Inc., 417 pp., $9.50, 1957.—Three 
broad classifications of problems are 
recognized: equilibrium, eigenvalue, 
and propagation. Three items fre- 
quently omitted in engineering 
courses are developed: matrix nota- 
tion, the calculus of variations, and 
the theory of characteristics of par- 
tial differential equations. ¢ 


The Detroit Industry Engineering 
Committee, ECPD, is offering six 
booklets available from the Engi- 
neering Society of Detroit, 100 
Farnsworth Ave., Detroit 2, Mich., 
at $2.50 per set. The booklets cover 
general introductory material, orien- 
tation and training in industry, ap- 
praisal and counseling on perform- 
ance, continued education, reading 
list for engineers, and professional 
identification. 


ASTM Proceedings, American Socie- 
ty for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa. 1510 pp., 
$12.00, 1957.—The 1956 edition con- 
tains reports of 80 technical commit- 
tees with appendices and 52 techni- 
cal papers with discussions. Many 
of these reports were given at the 
Society’s national meetings. @ 


Solvent Extraction in Analytical 
Chemistry, George H. Morrison and 
Henry Freiser, John Wiley & Sons 
Inc., 269 pp., $6.75, 1957.—This book, 


*®ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


the first of its kind, offers compre- 
hensive coverage of trace concentra- 
tions, the first section being devoted 
to principles and the second to the 
practical aspects, including appara- 
tus and techniques. © 


Proceedings of the 1957 National 
Industrial Research Conference, Ar- 
mour Research Foundation of Illinois 
Institute of Technology, 35 W. 33 St., 
Chicago 16, Ill, $6.00, 1957—The 
proceedings include 12 papers on 
management level decisions on re- 
search and development which were 
presented by top executives at the 
conference in Chicago in April. The 
papers deal with sales growth 
through research. 


Iron Ore Beneficiation, by Lawrence 
A. Roe, Minerals Publishing Co., 
P.O. Box 85, Lake Bluff, Ill., 305 pp., 
$5, 1957—A unique book devoted to 
the tremendous development in 
beneficiation processes as applied to 
iron ores, this publication offers a 
wide range of detailed information 
under headings such as flotation, 
magnetic separation, agglomeration, 
etc. One of the most interesting 
sections is that on sources and eco- 
nomics which provides historical 
background on the influence of bene- 
ficiation on iron ore and taconite 
production. One of the book’s great- 
est values lies in the extensive col- 
lection of references to recent peri- 
odical and technical literature par- 
ticularly on material which has 
never or not yet appeared in any of 
the standard reference handbooks. e 


Supervisors Safety Manual, The Na- 

tional Safety Council, 425 N. Michi- 

gan Ave., Chicago 11, Illinois, 354 
(Continued on page 1171) 
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At Stibnite, Idaho, for 


BRADLEY MINING CoO. 


...& cooling tower and bag house 
for an antimony smelter. 


Complete design, equipping and 
construction of smelter by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York + Chicago + Hibbing + San Francisco 


— 
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with Hydraulic Load-Shock-Absorber 


a PAYLOADER® DELIVERS MORE! 


a 


: 


tot 


SPILLAGE means MORE YARDA 


It’s the yardage you deliver that counts — not how much you dig. 
The difference is the spillage that occurs between digging and 
dumping points — the amount you handle for nothing. 
“PAYLOADER’” tractor-shovels are designed to deliver more yardage 
— to dig big loads and to move them with the least spillage loss — 
because “PAYLOADER” and only “PAYLOADER” among wheeled 
tractor-shovels has hydraulic load-shock-absorber as standard equip- 
ment — that cushions the loaded bucket, eliminates bucket jounce, 
smooths the ride, and permits higher carrying speeds with less 
spillage. Other “PAYLOADER” design features that reduce spillage 
losses are the longer wheelbase and the low, close and stable load- 
carry position with bucket in full 40° tip-back just off the ground. 
You get more performance from a “PAYLOADER” becausee you eee eee 
get more tractor-shovel . . . power-transfer differentials, no-stop THE FRANK G. HOUGH CO 
power-shift transmission, planetary final drives, power-steer, 4-wheel 916 Senayside Ave., Ube 
power-brakes . . . closed, pressure-controlled hydraulic system . . . 
powerful pry-out digging action. es checked: 

Your ‘““PAYLOADER”’ Distributor is ready to prove that a 
“PAYLOADER” can out-perform anything in its class—to have 
you try one on your work and let you be the judge. Call him today. 


PAYLOADER 


MANUFACTURED BY 


THE FRANK G. HOUGH CO. LIBERTYVILLE, ILL. 


SUBSIDIARY— INTERNATIONAL HARVESTER COMPANY 


: 
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| 
Title 
kA Street 
t City Stote 
72 


Adjustable Feed Pressure 


Automatic Water and Air 
and Drilling Mechanism. 
Strong Blowing 


Extra- 


Feed Pressure Release and Retrac- 
tion of Leg 


THE ATLAS COPCO LION 
A REVOLUTIONARY NEW ROCK DRILL 


All controls under one hand 

The Atlas Copco Lion is the first drill to have all the valves 
which operate the drill under the control of one hand. Full and 
easy control without having to move the hand from the backhead! 
All the controls have been designed so that they are well pro- 


tected. While using them the operator’s hand is never near the | 


wall or roof of the drift. The Lion is the first pusher leg drill with 
controls placed for drifting. 

Retractable leg saves time 

When the leg has to be moved the feed pressure is easily released 
by squeezing the hand grip. By further pressure on the grip the 
leg retracts automatically. When the leg is in the new position 
suitable for continuous drilling, retraction stops and the feed 
pressure comes back by loosening the grip of the hand. A// this 
can be done while the drill is still running. 

This new idea of a retractable leg enables quicker repositioning 
of the leg and reduces the number of steel changes, thereby in- 
creasing footage per manshift. When drilling high holes it is now 
far easier to alter the position of the leg more frequently in order 
to maintain an optimal feed angle and feed pressure. 

Packed with power for deep holes 

The Lion has a drilling rate at least 30° higher than other rock 
drills of the same weight. Furthermore, it can maintain its high 
speed even when drilling deep holes. This means quickly drilled 
deep hole rounds and a faster advance. The Lion also reduces to 
a minimum the gauge wear of the bits in abrasive rock. And owing 
to the ease with which the feed pressure is released and brought 
back into action, the Lion is a handier drill to work with in 
fissured rock, 


| Coahuila. 


Sltlas Copco 


Sandvik Coromant—the steel for the Lion 

All Atlas Copco drills—and this goes for the Lion too—have 
been developed from the earliest stages with Sandvik Coromant 
tungsten-carbide-tipped integral steels and detachable bits. This 
combination pioneered tungsten carbide drilling in the early 
forties. No drill or steel developed separately could ever give 
such equivalently high performances as this drilling combina- 
tion. Today it is the most widely used in the world, responsible 
for drilling more than 1,000 million feet annually. 


For further information on 
the Atlas Copco Lion rock 
drill, and details of sales 

and service, please contact: 


1. Tighten your grip 
on feed pressure 
release handle. 

Pusher leg 

advances with 

driil in full action 

u.s.—Atlas Copco Pacific, 


Inc., 930 Brittan Avenue, 
San Carlos, California, or 
Atlas Copco Eastern Inc., 
P.O. Box 2568, Paterson 
25, N.J. 


2.Releaseof “> 

feed pressure and 
retraction of leg 
respectively. The leg 
moves on to new position. 


CANADA—Atlas Copco 
Canada Limited, Montreal 
Airport, P.Q. 


3. Ease the grip, 
retraction of leg ends 
and leg receives full 
feed pressure. 


mexico——Atlas Copco 
Mexicana S.A., Apartado 
Postal 56, Torreon, 


OSS74a 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Sprayving Equipment 


1048—MINING ENGINEERING, OCTOBER 1957 


; 
a 
an 
| 
— 


HOME OFFICE: 545-585 W. 8th South 
P. O. Box 269 

Salt Lake City 10, Utah 

EASTERN 


(Room 721) 
Jersey City 6, New Jersey 


GALIGHER PRODUCTS: 
laboratory AGITAIR® Flotation 


of your recovery = with 


Galigher ORE TESTING 


The Galigher laboratory — at your service — has the facilities and engi- 
neering skills required to meet and solve any problem of ore recovery. 
Our work covers the entire metallurgical range of finding and specifying 
the appropriate treatment, the optimum flowsheet and the projected 
end-results in ore beneficiation. 


Galigher engineers keep well abreast of the changing and advancing art 
of ore treatment, both in methods and equipment. Whether yours is a 
projected or an established plant, test work on representative samples 
acts as a guide to insure a profitable mill operation. Galigher metallurgical 
service can help you avoid the pitfalls of inaccurate data and faulty design. 


Many years of successful pioneering experience, on a world-wide scale, 


is your assurance that collaboration with Galigher metallurgists will lead 
to the efficient procedure and operation of your treatment plant. 


For full scope of our metallurgical services 
write for metallurgical bulletin. 


GALIGHER 


AGITAIR® Flotation Machine, VACSEAL Sampler, 
Machine, Laboratory Pressure Filter, Boll Rubber Lined and Covered 


CONSULTATION ORE TESTING PLANT DESIGN 


Sump Feeder 
Acid-proot Pump, Geary 
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You see plenty of rugged Caterpillar-built machines 
at work on the Marquette Cement Company’s strip- 
ping operation at Oglesby, Ill. In fact, you don’t see 
any other make. That’s the result of years of profit- 
able experience, Superintendent W. T. Spurr will 
tell you. 


The picture above shows one of the firm’s seven 
big DW21s with No. 470 LOWBOWL Scrapers being 
push-loaded by a D9 Tractor. And it shows some- 
thing else, too—how to move material at the lowest 
cost per yard. 

These DW21-No. 470 rigs have capacities for 
big-volume hauling—18 cu. yd. struck, 25 cu. yd. 
heaped. But more important than capacity, the No. 
470’s LOWBOWL design has greater loading effi- 
ciency than any other make of scraper in its class. 
Actual tests show that the No. 470 gets its rated 
capacity load and is on its way while other scrapers 
are still in the cut struggling for the last few yards. 


On this stripping operation 


CAT’ DW21-HO. 470 RIGS 
ARE DELIVERING LOW-COST PRODUCTION 


And when it has its big load, the DW21 moves it 
at high speeds, efficiently. Its 300 HP (maximum 
output) Cat-built Engine has a Turbocharger to add 
horsepower at reduced fuel costs. Air is packed 
into the engine according to engine load, not speed. 
Wide-section, tubeless, 29.5-29 tires provide ex- 
cellent flotation and furnish greater tractive effort. 


Let your Caterpillar Dealer show you how these 
rugged rigs can move material faster and cut costs on 
your operation. You can depend on him for sound 
advice now—for fast service and parts you can trust 
after you buy. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 


CATERPILLAR’ 


“Caterpillar and Cat are Registered Trademarks of Caterpilia: Tractor Co 
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Insulated Hanger Tester 


Ohio Brass Co. offers a simple 
unit for testing insulated mine 
hangers on the line or in the shop. 
Assembly consists of tester unit, 
rubber handled contact hook, and a 
ground wire. A glowing light in the 
tester case indicates defective insu- 
lation. Circle No. 2. 


Signal Carrier Wire Rope 
SignalKore wire rope extends its 
function as a hoisting cable by im- 
bedded copper wires that permit its 
use in transmitting low voltage cur- 
rent for voice or signal communica- 
tion. The rope, by Wire Rope Divs., 
American Chain & Cable Co. Inc., is 


shown above in cross-section with 
three-conductor core. Constant con- 
tact with a mine skip or automatic 
operation of a cage by the operator 
is possible with the new develop- 
ment. Circle No. 1. 


Curing Power Loss 

Reduction of horsepower caused 
by thin air at high altitudes can be 
eliminated on the D8 tractor by a 
normalizing kit available from Cat- 
erpillar Tractor Co. Kit consists of 
a turbocharger, manifolds, and adap- 
tors. Turbocharger delivers air to 
the inlet manifold at sufficient pres- 
sure to restore normal horsepower; 
it does not increase power of the 
tractor at sea level. Circle No. 3. 


Manufacturers 


Ws 


Diaphragm Pump 

Denver Eqpt. Co. announces pro- 
duction of a new 4-in. adjustable 
stroke diaphragm pump. Capacities 
to 70 gpm are offered for simplex 
model and to 140 gpm for duplex at 
% to 1 hp, depending on specific 
gravity of pulp. Unit is only 50 in. 
high. Acid-proof construction is 
available. Circle No. 4. 


Vibrating Hopper 

Simplicity Engineering Co. has de- 
signed its new heavy-duty vibrating 
hopper for rapid loading of skip 
hoists. Hopper, measuring 6 ft square 
at top, is mounted on a main frame 
with 14 coil springs to isolate vibra- 
tion. Tandem units may be mounted 


on a common frame for use with 
twin skip hoists. Used this way, the 
units are claimed capable of empty- 
ing 15 tons of moist ore into skips 
in an average of 5 sec. Circle No. 5. 


Cable Fault Locator 


A pocket-size unit from Ohio Brass 
Co. fills the need for an inexpensive 
and easily used device for locating 
short circuits and open circuits in 
mine trailing cables having two or 


more conductors. Total unit weighs 
4 lb and is suitable for testing cables 
up to 600 ft long. Six-volt battery 
and signal generator are attached to 
end of cable and left there; only 
headphones and receiver are car- 
ried by the operator. Circle No. 6. 


Equipment 
Catalogs 


rv 


‘UORKMA TIC 


Crawler Drill Rig 

Another model has been added to 
the Gardner-Denver Co. line of rock 
drills. The Air Trac crawler-mount- 
ed deluxe drilling rig provides pow- 
er positioning of all vertical, hori- 
zontal, and flat lifter holes. Equipped 
with a 4 or 4%-in. drill, the rig is 
powered by two 5-cyl radial air 
motors. Circle No. 7. 


Six-Yard Tractor Shovel 

The rig shown below heaps a 14-cu 
yd hauler in two passes in less than 
2 min, according to Clark Egqpt. Co. 
Shovel is a 6-yd Michigan 375A with 


375-hp engine. It has a top highway 
speed of 30 mph. Torque converter 
automatically matches engine speed 
to load demand. Circle No. 8. 


New & Notes 

The Swedish mining machinery 
maker A. B. Nyhammar Bruk has 
been granted exclusive authority by 
Lake Shore Inc. to manufacture and 
sell the JETO bottom dump skip in 
Sweden, Norway, Denmark, and 
Finland. 
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on- 
for SAVINGS! 


Service-proved WEARPACT Cap Type Tooth 
—with foolproof retainer—cuts digging 
costs to record lows .. . even in taconite! 


Adapter 


Wedge 


Key Retainer ASF Cap Tooth— 


Self-Sharpening 


Probably by now you've heard of Wearpact Steel—the alloy 
with a combination of hardness and toughness not available 
in any other commonly used alloy. 

Here’s a new tooth and adapter design* cast in longer- 
wearing Wearpact ... the ASF Cap Type Tooth and adapter 
—the only such tooth and adapter that’s reversible for longer 
life. Note that the tooth itself is self-sharpening. Keeps on 
slicing through the ore and overburden—and when finally 
worn, there’s less metal to throw away. The tooth locks securely 
to the adapter. No ASF retainer has ever failed in service. 

As for service life, the cost-per-ton figures in large mines 
speak for themselves. Lowest of any tooth on record! Give 
this dollar-saving tooth a try! Write today to arrange for 


an installation. We 
Cut your costs with 


CAST ALLOY STEEL 


A PRODUCT OF 


*Patent Pending. 
p> AMERICAN STEEL FOUNDRIES 
3750 Canal St., Indiana Harbor, Indiana 
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(21) ELECTRICAL CONDUCTOR 
CHART: All past and present code 
designations for aluminum electrical 
conductors are brought together for 
the first time on a reference wall 
chart now available from Kaiser 
Aluminum & Chemical Sales Inc. 
Listed alphabetically are more than 
600 code names with type and size 
of products specified. British, as 
well as U. S., standard tables are in- 
cluded on this large plastic paper 


(22) TRANSMISSION PRODUCTS: 
An 80-page catalog of transmission 
products and their uses in elevating 
and conveying machinery has been 
published by the Jeffrey Mfg. Co. 
Descriptive information with draw- 
ings and tables covers a variety of 
shaft collars, couplings, clutches, 
pillow blocks, take-ups, wheel hubs, 
gears, holdbacks, chains, and sprock- 
et wheels. The products catalogued 
are also adaptable to many applica- 
tions in the industrial machinery 


(23) OFFSHORE PLATFORMS: A 
6-page folder with 20 illustrations 
has been prepared by R. G. LeTour- 
neau Inc. to describe its line of self- 
contained heavy-duty offshore plat- 
forms. The brochure discusses in 
detail the size, capacities, and op- 
erational versatility of one specific 
unit, the Vinegarroon. Of particular 
interest are illustrations which in- 
clude a drawing of deck layout, be- 
low deck facilities, progressive 
ocean-floor illustrations of platform 
going on location. Additional photo- 
graphs show construction phases, 
living facilities, deck cranes and 
other nondrilling equipment on 
board. 


(24) STATIONARY DIESELS: Bul- 
letin 110 from White Diesel Engine 
Div., White Motor Co., describes the 
Models 60 and 80 Superior stationary 
diesels. Engines are four-cycle, 6 or 
8-cyl, in-line models, ranging 530 to 
2000 bhp. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(25) ELI WHITNEY: Believing that 
the work of Eli Whitney deserves to 
be more widely recognized, the Ben- 
nett Machinery Co. has gathered 
some of the highlights of his career 
and set them forth in a booklet, 


“The Founder of Modern Industry.” 
The brochure discusses Whitney as 
the first American machine tool 
builder and the founder of modern 
methods of manufacture, in addition 
to his well known invention of the 
cotton gin. 


(26) MINE MACHINERY: “Modern 
Mining,” a catalog of modern, heavy- 
duty mine machinery, has recently 
been released by Caterpillar Tractor 
Co. Showing how the crawlers, 
wheel tractors, tractor-shovels and 
motor graders help increase produc- 
tion, the brochure gives actual job 
reports. The booklet also lists con- 
densed data on some of the more re- 
cent units. 


(27) WELDING GUIDE: Fifth edi- 
tion of a 40-page “Guide to Better 
Welding” is offered by Marquette 
Mfg. Co. Included is a trouble chart, 
table of steel hardness numbers, and 
a welding rod comparison chart. 


(28) TIN RESEARCH: A booklet 
from the Tin Research Institute cov- 
ers 25 years of work of the Interna- 
tional Tin Research Council. Princi- 
pally a review of institute pro- 
gress, the booklet also contains a 
synopsis of some new uses for the 
ancient metal. 


(29) ROCK DRILLING: Le Roi Div., 
Westinghouse Air Brake Co., has a 
new 8-page bulletin, “I Know Air- 
power,” which explains remedies to 
troubles encountered when using 
rock drills. Brochure also outlines 
features of the Le Roi Newmatic air 
tools and equipment. 


(30) MINING TOOLS: Firth Sterling 
Inc. announces a catalog of mining 
tools including mining machine bits, 
roof bits, drill bits, finger bits, and 
drill bit inserts. 


(31) SPECIAL METALS & AL- 
LOYS: Metallurgists and design en- 
gineers who are concerned with heat 
resistant alloys, abrasion resistant 
materials, and with new alloys for 
extremely severe processing condi- 
tions will be interested in the new 
Shieldalloy Corp. brochure o: pure 
metals, master alloys and ferro al- 
loys. Just published, this booklet 
covers various grades of chromium 
metal, chromium molybdenum, fer- 
ro alloys, tungsten melting base al- 
loy, zirconium aluminum and vana- 
dium aluminum. The Shieldalloy 
brochure also lists a number of ex- 
perimental alloys which have re- 
cently been developed at their lab- 
oratories and which are available in 
laboratory and pilot plant quanti- 
ties. For all of these alloys the bro- 
chure lists complete chemical analy- 
sis, as well as powder mesh sizes. 
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(32) PNEUMATIC CONVEYING: 
Bulletin No. 143-B, issued by Spen- 
cer Turbine Co., describes both sta- 
tionary and portable pneumatic con- 
veying systems. Systems cover a 
capacity range from % to 10 tph, 
vacuum producers from 5 to 75 hp, 
and hose or pipe sizes from 2 to 7 in. 
Conveying under both pressure and 
vacuum is covered and several typi- 
cal applications are illustrated. Spe- 
cific information is provided on size 
of unit, rate of conveying, type and 
weight of material in each case. 


(33) WIRE ROPE ABRASION: Les- 
chen Wire Rope Division, H. K. Por- 
ter Co., has released new Bulletin 
No. 101 which describes the principal 
causes of abrasion, the commonest 
and most destructive enemy of wire 
rope, and lists numerous practical 
suggestions for minimizing its ef- 
fects. This is the first of a new 
series of bulletins which will provide 
information on common wire rope 
problems and their best solution. 


(34) DRILL BITS: A new general 
catalogue covering “Oriented Dia- 
mond” drill bits has just been re- 
leased. Especially designed for 
quick, easy location of important 
drill bit data, the catalogue by Hoff- 
man Bros. Drilling Co. lists sizes, 
setting charges, weights, and uses 
for all standard bits. New price 
sheets are also being distributed. 


(35) ARC WELDING: Revised by 
Ampco Metal Inc. to include data 
on the new Ampco-Trode 40 elec- 
trode and new Ampco Braz #1, #2 
and #3 filler rods, Bulletin W-17 
contains up-to-date technical infor- 
mation relative to arc welding with 
bronze electrodes, filler rod and wire. 
Described in the catalog are weld- 
ing procedures, techniques and pro- 
cesses, recommended welding cur- 
rents, typical applications and a 
comprehensive electrode and filler 
rod selection and preheat chart. 


(36) ORE INVESTIGATION: A new 
10-page illustrated bulletin has just 
been prepared by Southwestern En- 
gineering Co. to describe the serv- 
ices of its ore investigation labora- 
tory. Of particular interest is the 
presentation of modern methods of 
ore concentration, including flota- 
tion, magnetic separation, chemical 
processing, pyrometallurgical and 
gravity methods. 


(37) AIRSTREAM CONVEYORS: A 
new 32-page product bulletin, “Air- 
stream Conveyors—the Automatic 
Answer to Bulk Handling,” has just 
been published by Dracco Corp. 
This bulletin presents detailed tech- 
nical information on the pneumatic 
conveying solution to many bulk 
materials handling problems. Sys- 
tem diagrams of typical installations 
point out the applications and flexi- 
bility of these conveyors. Over 70 
illustrations are included to show 
how air transports granular or pow- 
dered bulk material efficiently. The 
bulletin lists materials which can be 
handled and describes specially- 
engineered systems. 


(38) FRICTION: “Friction Facts,” a 
new booklet that answers questions 
about friction material in clutch fac- 
ings and brake linings, has been re- 
leased by Caterpillar Tractor Co. 
This booklet points out vital charac- 
teristics friction material must have 
in order to withstand the severe con- 
ditions imposed by earthmoving ma- 
chines. Loss of friction, glazing and 
chipping, wear and torque capacity 
are discussed. 


(39) BRASS HOSE FITTINGS: A 
new 8-page bulletin on brass hose 
fittings for low and medium pres- 
sure service is available from Hose 
Accessories Co. 


(40) HIGH TENSION BELTS: Bos- 
ton Woven Hose & Rubber Co. offers 
a revised folder of specifications on 
its line of high tension belts. 
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(41) CONSTRUCTION MAINTE- 
NANCE: A new 32-page special con- 
struction maintenance issue of the 
semi-monthly Technical Information 
Digest (TIS 2832) is now available 
from Eutectic Welding Alloys Corp. 
Devoted entirely to industry’s con- 
struction maintenance problems, this 
special issue is designed to show 
welding maintenance staffs the way 
to practical savings through case his- 
tories. Techniques are explored for 
every job done in construction fleet 
maintenance. Particular emphasis is 
placed on repair of cast iron, man- 
ganese and carbon steel, metals most 
commonly used in hard working con- 
struction equipment. The economy 
of preventative maintenance through 
hard surfacing is also treated. 


(42) HARD-FACING ALLOYS: A 
new data sheet (No. 5), listing 
grinding wheel recommendations for 
finishing overlays of Colmonoy 
Hard-facing alloys, is now available 
from Wall Colmonoy Corp. The new 
data sheet lists in tabular form 
recommended wheels for use on 
Colmonoy nickel-base, cobalt-base 
and iron-base alloys. Part num- 
bers are given for wheels of the 
following manufactures: Atlantic, 
Bay State, Blanchard, Carborundum, 
Cortland, Maklin, Norton, Precision, 
Robertson, Simonds, and Sterling. 
Recommendations are offered for 
grinders of the following types: sur- 
face (both horizontal and vertical), 
cylindrical, internal, centerless, and 
tool room. 


(43) GEAR HANDBOOK: A 1957 
handbook from Ohio Gear Co. is 
packed with 186 pages of power 
transmission data compiled and re- 


Standard spur, bevel, spiral, helical, 
worm gears, and steel rack. Speed 
reducers are included. 


senting the entire company line of 
safety equipment in an easy to use 
buyer’s-guide arrangement. The 
catalog includes all types of protec- 
tive equipment, from a small half- 
ounce dust mask to a large lifter. 
Nearly all of the several hundred 
listed items are illustrated and gen- 
eral specifications and recommended 


(45) EXPLOSIVES BAGS: Lami- 
nated burlap, multiwall paper, and 
polyethylene plastic bags are among 
the specialized bags offered in a new 
booklet from Chase Bag Co. Included 
is the laminated cemented center 
seam, gusseted Protex bag, of in- 
terest to users of ammonium nitrate. 


vised to meet today’s modern en- 
gineering standards and tabulations. 
The gear section of the new hand- 
book has been expanded and tabu- 
lates complete dimensions on Ohio 
a (44) SAFETY EQUIPMENT: Gen- 
eral Scientific Equipment Co. has ; 
— uses are given for each. Equipment 
i is grouped according to its function 
— so that the reader can compare sim- 


Let’s talk Wobbler* 


At the Society of Mining Engineers in Tampa 


Let's get together and figure out what the 
Universal Wobbler Feeder can do for you 


A little Wobbler talk with Universal’s 
engineers could easily make this con- 
vention one of the most profitable 
you've ever attended. Since its intro- 
duction at the AMC convention in 
Los Angeles last fall, the Wobbler has 
gained wide acceptance in the field. 
Mining men who saw it at the Coal 
Show in Cleveland in May were also 
enthusiastic about the Wobbler. 


PETTIBONE 


UNIVERSAL 


In Cedar Rapids Since 1906 


The Wobbler is being used in many 
operations. A few are iron ore, baux- 
ite, slag, limestone. We'll gladly give 
you names of companies now using 
the Wobbler in . applications 
when we talk to you. 


To get in touch with a Universal 
Engineer, simply call 2-5541, 
Hillsboro Hotel, Tampa. 


Hy 


“The Universal Wobbler feeds and scalps in one 


operation. Won't clog in wet, sticky material. 


UNIVERSAL ENGINEERING CORPORATION 


629 C Avenue, N.W., Cedar Rapids, lowa 
Subsidiary of Pettibone-Mulliken Corporation, 4700 W. Division Street, Chicago 51, Illinois 
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World's Largest Shovel is the Mountaineer, 
built by Marion Power Shovel Co. for Hanna 
Coal Co. It is 16 stories high, and scoops up 
overburden in 90-ton bites. USS “T-1” steel 


is specified for such major components as the 
bucket, dipper stick and crowd rack; to assure 
the strength, toughness and ruggedness that 
adds up to long service life. 


“T-1”,..a super-tough nickel alloyed steel 
prevents breakage ...slashes downtime 


At 38°F below zero...or at 900°F 
above...“T-1” steel stays super- 
tough! 


Downtime troubles go out when 
“T-1” steel goes in dipper sticks, 
shovel buckets, car bottoms, bull- 
dozers and other mining equip- 
ment. 


That happens because “T-1” 
steel is a constructional alloy steel 
combining exceptionally high 
levels of strength and toughness. 


seo, THE INTERNATIONAL NICKEL COMPANY, INC. 
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It stands up under heavy shock 

loads. Curbs breakage the year 

round. 

Note its advantages: 

90,000 psi minimum yield strength. 

Readily weldable . . . needs no 
preheat nor stress relief. 

Resists impact at sub-zero 
temperatures. 


Four times as resistant as carbon 
steel to atmospheric corrosion. 


Use “‘T-1” steel for heavily 
stressed parts. Watch them stay 
on the job, earning profits. Why 
take chances with steel of lower 
yield strength and consequent 
risk of failure in service? Idle 
men and machines make it a 
costly proposition ...so, put “T-1” 
steel to work now. 


For details on USS “T-1” steel, 
write to United States Steel Corp., 
Pittsburgh 30, Pa. 


67 Wall Street 

New York 5, N. Y. 
Var 
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Five Uranium Firms Plan Merger 

Atlas Corp. has announced that, on approval of stockholders, three 
Atlas-controlled companies and two independent firms will merge to 
form what will be the largest independent U. S. uranium mining 
company. Carried through, the negotiation will form a company having 
proven reserves with a value in place of over $100 million. Atlas firms 
involved are Hidden Splendor Mining Co., Lisbon Uranium Corp., 
and Rio de Oro Uranium Mines Inc.; the independents are Mountain 
Mesa Uranium Co. and Radorock Resources Inc. Reasons for the 
merger: stability, strength, operating efficiency. New firm will use 
the name Hidden Splendor Mining Co. 


Freeport Arranges for Moa Bay Financing 

Freeport Sulphur Co., through its wholly owned subsidiary, the Cuban 
American Nickel Co., has arranged for loans amounting to $100.25 mil- 
lion to cover the major share of funds need to exploit the nickel and 
cobalt ores of Moa Bay, Cuba, and to construct a refinery near New 
Orleans. Production is slated for mid-1959. Freeport expects the Moa 
Bay area to add 50 million lb of nickel to U. S. supply, as well as 4.4 
million lb of cobalt. Estimated nickel reserves in Cuba, the company 
claims, are about six times larger than those of Canada. 


Erecting Test Plant for Oregon Lateritic Nickel 
New Delhi Mines Ltd. is conducting an extensive sampling program 


on its lateritic nickel deposits in Josephine County, Oregon, and will 
build a test plant to evaluate the more than 15 million tons of ore 
which have been indicated by chutn drilling during the past few 
months. Development of new processes in treating laterite deposits 
and success of the Nicaro, Cuba, nickel production from laterite de- 
posits has drawn the attention of steel and alloy producers to the 
Oregon operations. Orebodies are about 60 miles from Hanna Nickel 


Smelting, which is currently producing ferro-nickel under Govern- 
ment contract. 


Homestake Seeks Public Financin 

For the first time, Homestake Mining Co. will look to financing in the 
public market. It recently registered with the Securities and Exchange 
Commission issues amounting to $12 million of sinking fund and sub- 
ordinate convertible debentures. A possible tie with this offering is 
Homestake’s partnership with Sabre Pinon Corp. to mine uranium 
in New Mexico. An agreement which resulted in the formation of 
Homestake-Sapin Partners includes provision for a $17 million mill 
construction and mining program. Homestake has advanced $7.5 mil- 
lion and has arranged for the remainder through bank credit. 


Plan Largest Integrated Titanium, Zirconium Producer 
Three metals companies intend to form a jointly owned concern 


which will produce titanium and zirconium from ore to finished mill 
product. Intended producer, which is to be the largest fully integrated 
one in the field, will be formed by P. R. Mallory & Co., Sharon Steel 
Corp., and National Distillers & Chemical Corp. Plans call for Mallory- 
Sharon Titanium Corp., which is jointly owned by Mallory and Sharon, 
to acquire the production facilities of National Distillers and make a 
change in name to Mallory-Sharon Metals Corp. Acquisition would 
also be made of Reactive Metals Inc., a research and development 
company which is jointly owned by Mallory-Sharon and National 
Distillers. 
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After drilling 15 to 20 shoot-hoies, the Tractair moves to the next job. “‘We save time and labor 
because the Le Roi unit doesn't need to be babied into position,"’ says Green. “We drive the 


Tractair onto rocks, slopes, or loose ground and start drilling.” 


Save $150 Day Blasting Site 


Le Roi tractor-compressor 
used to drill shoot-holes for 
blasting overburden 


Easier and safer to handle 
on rough terrain than dozer- 
drawn compressors, 
superintendent says 


The V. N. Green Co., Brown’s 
Branch, W. Va., saves $50 per day 
at each site by using Le Roi Trac- 
tairs to drill shoot-holes for blasting 
surface rock at their strip mining 
operations, When all three Tractairs 
are used, as is generally the case, 
daily savings total $150, reports 
John W. Green, job superintendent. 

Previously-used wheel type com- 
pressors had to be moved around the 
site by a standby dozer. The 10 to 


15 moves per day took two hours. 
The dozer lost the same amount of 
time, too, when its work was inter- 
rupted. 


Mobility Minimizes Delays 
Green points out that now “the 
Tractair is driven directly to the 
drilling area, the hose is attached, 
and drilling starts at once.” In ad- 
dition, Tractair’s easy maneuvera- 
bility over the extremely rough 
terrain cuts previous relocation time 
by more than half, and eliminates 
the need for the dozer as well as the 
operator. 


Because it’s self-propelled, the Le 
Roi tractor-compressor is ideal for 
this type of work. When a job is 
done, the Tractair provides fast 
transportation for the operator, drill, 
and compressor to the next site. 
There’s no need to wait for other 
equipment to make the move. 


What’s more, close-to-the-job air 
power shortens hose lines, substan- 
tially reduces hose damage, and 
eliminates power loss. The shorter 
lines and Tractair’s 125 cfm output 
permit the use of two drills, when 
necessary. 


Performs Various Jobs 
Bought originally for drilling shoot- 
holes, the Tractair can be used for 
other jobs, too. “We also use our 
Tractairs to break paving on road 
construction jobs where we do the 
resurfacing, to tamp backfill for drain 
pipes, and even to clean pavement 
by using a rotary brush attachment.” 


The self-propelled, multi-purpose 
Tractair can provide similar savings 
for you. And its ready adaptability 
to a wide range of attachments can 
help you reduce the cost of opera- 
tions requiring costly, one-purpose 
equipment. Contact Le Roi today. 


**'Tractoir’’ is the registered trademark for Le Roi's combination tractor—air compressor. 


— 
= 
E HO: Division of Westinghouse Air Brake Co., Milwaukee 1, Wisconsin, manufacturers of Newmatic cir tools, 7 


Tractair,® portable and stationary air compressors, and heavy-duty industrial engines. Write us for information on any of these products.) 


if 


Borax has made a dramatic jump 
from washtub to jet bomber with the 
development of a process to manu- 
facture high energy fuels that use 
boron as a base. Olin Mathieson 
Chemical Corp., which recently 
opened the first semi-commercial 
plant to produce the new fuels, ex- 
pects that a $1-billion industry based 
on these high energy agents will 
emerge within the next ten years. 
Olin Mathieson also estimates that 
production of high energy fuels will 
increase 20-fold within an 18-month 
period. 

Need for special fuels arises from 
the requirements of high speed air- 
craft for a tremendous rate of heat 
release in a light weight fuel. HEF 
fuels are regarded as those with 
heating values well above those of 
petroleum products, such as aviation 
gasoline, which has a heating value 
of about 18,500 Btu per lb. High 
energy fuels range 25,000 Btu and 
up. 

While the major steps of the fuel 
making process remain clouded for 
security reasons, it is known that 
the manufacture of HEF fuels con- 
sists of treating boron-containing 
ores in such a way that they are con- 
verted to useful intermediate boron 
compounds. Subsequent reactions 
then convert these into the final 
product. 


Why Boron? 


Liquid hydrogen, on the basis of 
energy content alone, would be the 
ultimate pure energy fuel. But it 
is elusive, difficult to hold and to 
handle. It must be contained and 
its burning rate must be controlled. 
This is more easily done chemically 
than mechanically. But when a fuel 
is burned, the chemical carrier is 
consumed at the same time as the 
hydrogen. When the goal is fuel of 
maximum heating value, it is nec- 
essary to find a carrier material that 
has both a high heating value in 
itself and is capable of holding as 
much hydrogen as possible in rela- 
tion to its own weight. Measured 
this way, nature’s chemical binder 
carbon is not outstanding. It has a 
heating value in the pure state of 
only about 13,000 Btu per Ib. 

Scientists took the logical tack of 
working downward from hydrogen 
in the list of heating values of the 
elements. Next to hydrogen on the 
list is the metal beryllium, which 
surrenders about 29,000 Btu per lb 
when burned. But beryllium has the 
disadvantage of being relatively 
searce and difficult to recover and 
refine. 

Boron, next on the list at 26,000 
Btu per lb, is far more encouraging. 
In the form of borax and colemanite, 
boron is plentiful in California and 
other parts of the West. 

Lithium, next at 18,000 Btu, al- 
though also fairly accessible, was so 
much lower in heating value that it 
was decided to focus the greatest 
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Boron Minerals 


New Keys to Higher Fuel Energy 


Control of all operations of Olin Mathieson’s high energy fuel plant is centered in 
this room. Complex panels are considered small in relation to those thot will be used in 
in a $36 million Air Force plant which will start producing in 1959. The industry 
founded on these boron-based fuels is expected to reach billion-dollar value in the 
next ten years. 


effort on boron. The problem was 
then one of linking boron and hy- 
drogen, and possible other elements, 
in proportions giving optimum en- 
ergy, safety, and economy. 


New Plant 


After five years of research and 
two years of production testing, Olin 
Mathieson found the answers. The 
fuels have been designated HEF-2 
and HEF-3. These new agents are 
now being produced in a semi-com- 
mercial plant built solely by the 
company at a cost of $5.5 million. 
An interim facility, scheduled for 
completion at the end of 1957, will 
turn out three times as much fuel. 
All the fuel, which at the present 
time is considered suitable for air- 
craft only, is shipped to the U. S. 
Air Force. It will be used in air- 
breathing engines. A USAF-spon- 
sored plant, now under construction 
by Olin Mathieson, is expected to go 
into production within 20 months 
and will increase output many times 
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current volume. Its construction 
cost will be $36 million. 


Boron Mineral Sources 

Three companies supply 95 pct of 
the Free World’s borax needs. U.S. 
Borax & Chemical Corp. supplies 70 
pet of domestic production from its 
California mines, the largest in the 
world. A unique deposit of rasorite 
(kernite), recently converted from 
underground to open pit operation, 
is worked by its Pacific Coast Borax 
Div. American Potash & Chemical 
Corp. produces 20 pct of domestic 
output by extracting borax from the 
dry crust of Searles Lake near Death 
Valley. The West End Div. of Stauf- 
fer Chemical Corp. recovers borax 
from the rich brine deposits of 
Searles Lake and accounts for 10 pct 
of domestic production. 

Last year sales of boren minerals 
amounted to 944,950 tons valued at 
almost $40 million, according to the 
Bureau of Mines. Five years ago 
sales were valued at just over $14 
million. 


An example of Allis-Chalmers “coordineering” is this 
crusher installation. Drawing on 75 years’ experience 
in building and applying crushers, Allis-Chalmers 
control and crushing engineers developed a control 
circuit designed to cut costly downtime for the crusher 
installation shown above. In this circuit, motor over- 
load protection is provided by two sets of thermal 
overload relays. One set operates at slight overload 
to sound warning. The second set stops the motor 
when temperature reaches the danger point. 
Because of high starting torque and frequent start- 
ing under load, an Allis-Chalmers wound-rotor motor 
is used. In calculating horsepower requirements, the 


X 


Hammermills Vibrating Screens Jaw and Gyratory Crushers Grinding Mills Kilns, Coolers, Dryers 


“7COORDINEERING” at 


“Coordineering” may be defined as the integration 
of advanced thinking, planning and engineering 
that precedes the application of Allis-Chalmers 
equipment. With its staff, skill and experience, 
Allis-Chalmers is in a unique position to provide 
this valuable service. 

Allis-Chalmers designs and builds all basic types 


factors of crushability, ratio of reduction, product 
size and specific gravity are evaluated. 


Flexibility in the Crusher 
The crusher is the Superior gyratory crusher which 
features “one-man, one-minute” positioning of main- 
shaft and mantle. This control facilitates emptying 
crushing chamber in case of power failure or other 
emergencies. It also compensates for wear on con- 
caves and mantle and, when required, changes prod- 
uct size instantly. In Allis-Chalmers gyratory crushers, 
changing eccentricity, speed, or shape of chamber 
varies capacity and product size. This flexibility per- 
mits synchronizing crushing with other operations. 
Superior is an Allis-Chalmers trademark. 


— 


ALLIS- 


Allis-Chalmers Provides Better Methods 


Results for You! 


of processing machinery. In addition, the company 
manufactures complete lines of electrical genera- 
tion, distribution and utilization equipment. As a 
result, Allis-Chalmers has a tremendous reservoir 
of experience —a most diversified team of research, 
engineering, manufacturing and application spe- 
cialists — specialists who solve a given problem by 


In solving a grinding application, requirements and 
variables are given a careful going over by an Allis- 
Chalmers team comprised of grinding, motor and 
control engineers. Characteristics of material, capa- 
city, feed preparation, balance of gradations, torque 
characteristics, system power factor needs, control 
requirements are some of the many factors evaluated. 
Experience has proved that this thorough pre-appli- 
cation investigation and preparation pays off to the 
purchaser . . . pays off in providing a modern, efficient 
grinding circuit with the lowest operating cost. 


cuban, ideas and correlating specific know- 
ow an 

Only Ailis-Chalmers can give you truly inte- 
grated equipment only Allis-Chalmers 
can give you 


An Integrated Grinding Miil Installation 
In a typical application, the mill installed was a 10 
by 12-foot Allis-Chalmers diaphragm ball mill. 
» A diameter-length ratio is an important factor in 
producing the highest possible capacity per unit of 
power. Driving the mill is a 900-hp, 4000-volt, 257- 
rpm, 0.8 pf Allis-Chalmers synchronous motor. By 
providing desired power factor correction, this motor 
reduces power cost. The Allis-Chalmers starter is 
specially engineered to provide protection under all 
conditions of grinding operation. A4915 


* You'll want Bulletin 25€C6166D. It covers all equipment manufactured by 
Allis-Chalmers for the mining industries. See your nearby A-C representative 
or write Allis-Chalmers, Industrial Equipment Division, Milwaukee 1, Wisconsin. 


CHALMERS 


initial 
cost? 


see how Marcy can give 
YOU long-time economy 


Low production costs are becoming more and more 
important for profitable operation. Continuous, 
dependable performance of milling equipment is essential 
for low costs...but, low initial equipment cost does not 
assure low-cost-per-ton production. 


The predominance of Marcy Mills in large companies 
having big tonnage and continuous operation is 

evidence of Marcy's superior performance...repeat orders 
from these companies prove the preference for 

Marcy design and construction for low-cost-per-ton 


=a, 


“Rapid Change of mill content is necessary for high efficiency.” That's 
the Marcy principle of grinding. It is accomplished by use of full-grate discharge 
on Marcy Ball Mills and the open-end feature on Marcy Rod Mills. It has proved 
to increase tonnage up to 33% and decrease KWH per ton, compared with 
overflow type mills...one reason why Marcy gives lower cost-per-ton and 


makes a better long-time investment. 
NO EXTRA CHARGE FOR MARCY EXPERIENCE 
THE MINE AND SMELTER SUPPLY CO. 


SANE AND LICENSED MANUFACTURERS THROUGHOUT THE WORLD 
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Joy JSL-7 Loader Specs 


Height, minimum ...60” 
Headroom Range 79” toll4” 


Width, overall ...57%2” 
w/platform 68” 


Length, bucket 
in digging 


position 


Weight, Air 
Electric 


9,650 Ibs. 
11,250 Ibs. 


Loading, average 
tons per minute ...2—4 tpm 


HARD ROCK LOADER 


The all-new Joy JSL-7 Shovel Loader is designed and built specifically for the really rough 
hard rock jobs. This crawler-mounted brute has been beefed up with forged parts at all the 
tough impact points; has three interchangeable Pistonair® motors in the air version— 
(255 ft. Ib. stall torque motors in the electric )— and delivers a 12,080 Ib. crowding effort 
at the bucket lip. 

independent Crawier Control 


Each crawler, independently powered by a famous Joy 15 hp Pistonair motor, is reversible 
... the Joy JSL-7 can turn in its own length. No need for run-backs and repositioning when 
this Shovel Loader swings into action! 


Control Positioning Optional 


Standard positioning of controls on left side of Loader as pictured. Right-side mounted or 
dual mounted controls are also available in either air or electric models. “Deadman” con- 
trols flip to neutral when released. 


Joy Builds to your Requirements 


In addition to standard specifications tabulated at left, the Joy JSL-7 Shovel Loader is avail- 
able with special buckets, arms and counter weights for mucking on grades greater than 9° 
uphill or 15° downhill. Arrangements for bucket discharge heights to 87” are available. 


Call in the Joy Engineer and tell him what you want the JSL-7 to do for you. Ask him about 
the choices of bucket design and capacity, grousers, "dozer attachments and other available 
extra equipment. Write to Joy Manufacturing Company, Oliver Building, Pittsburgh 22, Pa. In Canada 
Joy Manufacturing Company (Limited), Galt, Ontario. 


ee . .. EQUIPMENT FOR MINING ... FOR ALL INDUSTRY 


Write for this new bulletin covering 
the Joy JSL-7 Shovel Loader. 8 Pages 
of dimensions, weights and drawings. 


Core Drills Rock Bits Drillmobiles 
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Order Your Copy Now 


THE PORPHYRY COPPERS IN 1956 


By A. B. Parsons, formerly Secretary, AIME 


A new volume, supplementing the author’s “The Porphyry Coppers” published in 1933, 
long out of print. Sponsored by the Rocky Mountain Fund of the AIME. 


Summarizing the last 25 years of progress at the 19 Porphyry Copper properties in North 


and South America, the last seven of which were not in the previous volume: 


Utah Copper Chino 
Morenci Inspiration 
Nevada Con. Chuquicamata 
Braden New Cornelia 
Miami Copper Queen 
Ray Andes 


Consolidated Coppermines 
Castle Dome 

Copper Cities 

Bagdad 

Yerington 

Silver Bell 

San Manuel 


288 pages: 31 photographs, 38 maps and drawings, 27 tables of data 


Production, Sales, Income and Expense, Costs, Wage Rates, Financing, Government Con- 


tracts, Dividends; Equipment, Ore Reserves, Grades of Ore and Concentrate, Recoveries, 


Flowsheets, Drilling, Mining, Concentrating, Leaching, Smelting, Refining, Transportation. 


AIME, 29 W. 39th St., New York 18, N. Y. 


Send me promptly on publication The Porphyry Coppers in 
1956: 


copy (copies) @ $3.50 (AIME members only) 
copy (copies) @ $5.00 (nonmembers) —— 


1 enclose $—————-; or bill me on shipment (AIME Members 
only) 


Print name and address: 
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Mention of more than 260 individuals who have 


played important roles in the story. 


A Must for Mining and Metallurgical Engineers, 


Mineral Economists, Investors. 


Price only $3.50, postpaid, to AIME members any- 
where. Others, $5.00, plus 50¢ postage to foreign 
countries. 


When your process calls for chemicals 


talk to the man from Dow 


YOU CAN DEPEND ON DOW FOR: XANTHATES « DOWFROTH® 250 « Z@®-200 + SEPARAN 2610 * HYDROCHLORIC ACID + AMMONIA + CHLORINE 
CAUSTIC SODA VERSENE® + MAGNESIUM OXIDE MAGNESIUM HYDROXIDE ION EXCHANGE RESINS SOLVENT EXTRACTANTS 


THE DOW CHEMICAL COMPANY * MIDLAND, MICHIGAN 


OCTOBER 1957, MINING ENGINEERING—1063 


' 


1064—MINING ENGINEERING, OCTOBER 1957 
3 


These represent a few of the minerals with which Separan 2610 is improving 
flocculation and lowering processing costs: CHROMITE, URANINITE, GALENA, 


SPHALARITE, CHALCOCITE, ALUMITE, COAL, HEMATITE. 


For a wide variety 


of minerals 


Separan 2610 provides 


record-speed flocculation 


NEW FLOCCULANT PROVES ITSELF IN NUMEROUS OPERATIONS 


It’s a fact—proven in many types of operations, with a wide 
variety of materials: Separan 2610® has doubled, and often 
tripled, production rates! 


Equally remarkable: only a few hundredths of a pound are 
needed per ton of solids! 


New economies are being realized in processing uranium, 
lead, and zinc, coal, copper, alum, and a host of other sulfide 
and non-sulfide minerals. Operations involving concentra- 
tion, leaching, thickening, and refining are benefiting with 
Separan 2610, especially since this revolutionary flocculant 


When your process 
calls for chemicals, 
talk to the 

man from Dow 


XANTHATES «+ DOWFROTH® 250 «+ Z*-200 
SEPARAN 2610 *« HYDROCHLORIC ACID 
AMMONIA CHLORINE CAUSTIC SODA 
VERSENE*® MAGNESIUM OXIDE 
MAGNESIUM HYDROXIDE + ION EXCHANGE 
RESINS AND SOLVENT EXTRACTANTS. 


is so easy to prepare and apply. A mechanical mixer is not 
required. You can prepare large amounts of stock solution 
with a new dispenser recently made available. And Separan 
2610 is effective in both acid and alkaline circuits. In addi- 
tion, it adds no excess bulk. 


Try Separan 2610 yourself! 


Available from three f.o.b. points: Midland, Michigan; Pitts- 
burg, California; and Velasco, Texas . . . and from two stock 
points: Port Newark, New Jersey, and St. Louis, Missouri. 
A sample and technical assistance are yours upon request. 
THE DOW CHEMICAL COMPANY, Technical Service and Devel- 
opment, Midland, Michigan, Dept. SE1315B-1. 


3 


HERE ARE EXAMPLES of how little Separan 2610 is required: In 
thickening copper tailings, clearer overheads and better filtration are 
reported with only 0.0041 pounds per ton of solids. Similar improve- 
ments are taking place in uranium filtration at 0.5 pounds per ton. 


YOU CAN DEPEND ON 
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Two Men Control New Coal Plant 


Until 1954, Moss No. 2 was an 
abandoned coal mine that had not 
been lit by a miner’s lamp since the 
end of World War I. That year the 
mine in Clinchfield, Va., was ex- 
plored and found to have a reserve 
of metallurgical coal, now much in 
demand. 

Clinchfield Coal Co., owner of the 
property, reopened the old diggings 
after deciding that the move would 
be economical if an ultra-modern 
plant were built to process the coal. 
An automatic preparation facility 
was designed and erected by Link- 
Belt Co. using float-sink concen- 
trators to quickly separate out rock, 
shale, bone, and other refuse. 


Plant Control 

Operating two shifts a day, the 
plant handles 450 tph of run-of-mine 
coal. The entire operation is auto- 
matically controlled, with push-but- 
ton handling from two stations. 
These control all washing, drying, 
and screening needed to produce 
wanted grades of metallurgical and 
steam coal. 

All maintenance is performed dur- 
ing operating shifts. This necessi- 
tates a plant with dual set-ups, 
standby equipment, and a freight 
elevator for handling supplies. 

The facilities include heavy media 
cleaning for coarse coal; 20 concen- 
trating tables for cleaning fine coal; 
four centrifugal and three thermal 
fine coal driers; a 95-ft circular 
thickener and filter for water cir- 
culation. 

Cleaning Operation 

Clinchfield mixes finely ground 
magnetite solids with water to pro- 
duce media with accurately con- 
trolled specific gravity. Raw coal is 
fed into concentrator vessels con- 
taining this material. The clean 
coal, being of lower specific gravity 
than the refuse, floats and is dis- 


One of the latest, most modern processing im in the coal industry, this facility 
serves the Moss No. 2 mine at Clinchfield, Va., and typifies the growing mechanization 


in coal production. It washes, dries, and screens 450 tons of run-of-mine coal an hour— 


by push-button control. 
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charged over an outlet weir. Waste 
material sinks to the bottom of the 
concentrator and is removed to a 
flume by rotary elevators. The 


This one-man op- 
erated main con- 
trol panel pro- 
vides regulation 
of wet cleaning 
and processing of 
both coarse and 
fine coal. Another 
such panel, also 
operated by one 
man, serves the 
drier section. 


media is reclaimed by sieving, and 
the magnetite which clings to the 
coal is washed off and reclaimed by 
magnetic separators. 


At Providence, Kentucky, for 


HART & HART 


. precision washed coal plant, with 


auxiliary treatment of fines, 


Complete engineering, design, 
equipment procurement and 
construction by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York * Chicago + Hibbing + San Francisco 
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+ Designed for 


OPERATION.. 
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LONGER LIFE ! 


Valves have 
these 


ECCENTRIC ACTION 


backs the plug away from the seat 
—no scraping or binding, no gall- 
ing or grinding—easy quarter-turn 
from wide open to dead-shut. 


RESILIENT PLUG FACINGS 


insure tight shut-off—even with 
solids in the flow! Sandy slurries 
won’t score the plug-face—can’t 
cause leakage and valve failure! 


TIGHT SHUT-OFF 


is guaranteed. The resilient-faced 
plug seals around solids in the 
flow, delivering perfect perform- 
ance every time on any line! 


NO LUBRICATION 


is required with DeZurik Plug 
Valves. Eccentric action assures 
easy operation—resilient plug fac- 
ings deliver tight shut-off—WITH- 
OUT LUBRICATION! 


DeZurik Plug Valves are the logical choice for 
so many mining applications. On hard-to-handle 
slurries, they shut tight and last longer; on critical 
services there is no danger of contamination from 
lubricants; and on any service they operate easily! 


These versatile DeZurik Valves have features 
found on NO OTHER VALVE! Only DeZurik 
Valves have Eccentric Action, combined with 
resilient plug facings, guaranteeing easy operation 
and dead-tight shut-off WITHOUT LUBRICA- 
TION! 


Before you specify new or replacement valves 
on that difficult service, get the complete story on 
DeZurik Valves. Representatives in all principal 
cities; or write 


DeZurRIkK 


CORPORATION 
SARTELL, MINNESOTA 
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A Bucyrus-Erie 150-B shovel strips wasterock and dirt in a copper pit in 
western United States. Two more Bucyrus-Erie electric excavators and a 
Bucyrus-Erie rotary drill are in the background. 


WHEN IT’S HIGH OUTPUT YOU WANT 
IT’S BUCYRUS-ERIE YOU NEED 


Many copper mines are helping protect their When selecting stripping and loading 
profit margins with Bucyrus-Erie Ward Leonard shovels, if you consider output, cost, and long 
electric shovels. Sustained high output is life, you will want to consider these three great 
essential to economical production . . . and Bucyrus-Erie Ward Leonard electric excavators. 
consistently high production is yours with these eae 
Bucyr us-Eries. ob RO 


Check their design and construction advan- é 
tages and you'll see why they are known as top 2 
producers in mines everywhere. Outstanding & 


\) 
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front-end design keeps a high percentage of 

“up-front” weight inside the dipper where it 

pays. The two-piece boom is strong yet light 3 
in weight. Crowd machinery is mounted on the 
revolving frame, not on the boom. Result: power ay, 


tay 


swings payload, not deadweight. 


A Familiar Sign at Scenes of Progress 


BUCYRUS-ERIE COMPANY * SOUTH MILWAUKEE, WISCONSIN 


t 
i} yd. 
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LOW COST 


HUMPHREYS 


SPIRAL CONCENTRATORS 


HAVE ECONOMICALLY RECOVERED THE 
MINERALS LISTED ABOVE 


Low cost concentration becomes a reality when you install 
Humphreys Spirals. Economy-minded mineral producers the world 
over prize these efficient concentrators, their economical installa- 
tion, low maintenance costs and year-round trouble-free operation. 
No moving parts. Small floor space. 

APPLICATIONS: 

Production of a finished concentrate. 


Production of a bulk concentrate of several minerals and a finished 
tailing in one or more stages. 


Scavenging the tailing from another process for the recovery of 
heavy minerals. 


Write today for information on metallurgical tests of your ore samples 
for spiral treatment. 


THE HUMPHREYS INVESTMENT CoO. 
Engineering Division: 915 FIRST NATIONAL BANK BLDG.+ DENVER 2, COLORADO 
SALES AND MANUFACTURING AGENTS 


AUSTRALIA: SOUTH AFRICA: SWEDEN: 
JOHN CARRUTHERS & CO. PTY. LTD. EDWARD L. BATEMAN LTD. SALA MASKINFABRIKS A-8, 
EDGECLIFF, N.S.w. JOHANNESBURG SALA 


SALES AGENT—ENGLAND: THE GENERAL ELECTRIC CO., LTD. (FRASER & CHALMERS ENGINEERING WORKS) ERITH, KENT 


Whether you are developing the flow scheme for a new ore body 
or seeking ways to improve your present reagent combination, 
Cyanamid Field Engineers can give you very practical help. 


They can bring you access to a vast reservoir of data on processes 
and reagent combinations proved most effective in mills all over 
the world. This operating data is supplemented by the work of 
Cyanamid Mineral Dressing Laboratory where basic research on 
better reagents and application methods goes forward unceasingly. 


q 
_ 


Cyanamid serves the mining industry! 


Whether you can best use flotation, cyanidation or a combination 
of these processes, the Cyanamid Field Engineer will work with 
you in your own lab work, on your pilot plant tests and in your 
mill to achieve the most efficient reagent set up for lowest cost- 
plus-tails on your ore. 


This shirt-sleeve help is an additional value freely offered to users 
and prospective users of Cyanamid Reagents. A letter or phone 
call to our nearest office will have prompt attention. 


— CYANA™MID 


AMERICAN CYANAMID COMPANY 


MINING CHEMICALS DEPARTMENT 
30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
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BEAUTY...OR BEAST? 


We'd be the last to claim that Amsco® Dippers have any inherent glamour. 
That’s why we induced the pert 115-pound* blond to pose in one of our 7-yd. 
dippers at a recent trade show. Got a lot of attention, too! 

But we know that experienced operators specify these all-cast Manganese 
Steel Dippers because they’re real “‘beasts’—when it comes to strength and 
ruggedness. By way of proof, glance at the other photo. It shows a 9-yd. 
Amsco Dipper hoisting a 60 to 70-ton* rock out of the St. Lawrence Seaway 
Channel. There's plenty more proof available, too—on the extra strength, 
digging ability and long life of Amsco Dippers. That’s why they’re the number 
one original-equipment choice on most leading makes of power shovels! 

Consult your equipment manufacturer, or write us direct for new booklet 
on Amsco Power Shovel Equipment, giving detailed reasons why Amsco 


Dippers are real “‘beasts’’ when it comes to rugged digging work. 
*Estimated 


AM 


American Manganese Stee! Division - Chicago Heights, It. 


OTHER PLANTS IN: DENVER. LOS ANGELES. NEW CASTLE. DEL.. OAKLAND. CAL.. ST. LOUIS: JOLIETTE. QUEBEC 
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Athey PR20 - Cat DW20 has 34-ton, 22.5 cu. yd. capacity. Four-wheel trac- 
tor gives speeds up to 32.1 MPH and good roadability for long hauls. 


oy PRIS-Cat DWIS hos 22-08 capac ond Engineere 


Ath 


for your specific hauling needs 


There’s an Athey-Cat hauling unit designed for your 
particular job — no matter what the conditions or the 
materials you handle. There are rear dumps for ma- 
neuverability and high speed, side dumps for on-the-go 
dumping, bottom dumps for high volume hauling. All are 
engineered for specific hauling conditions. 

Having just the right hauling unit on your job makes 
a big difference in your profit. And Athey-Cat Trailer- 
Tractor units always give higher production, lower main- 
tenance, and a bigger profit on every load. 

Call in your Athey-Caterpillar Dealer for an analysis 
of your job and an expert equipment recommendation. 
Find out how just the right hauling unit can save you 
money. Athey Products Corporation, 
5631 West 65th Street, 
Chicago 38, Illinois. 


PREI-Cot OW21 features 34-ton, 
cv. yd. capacity, articulated design, top 


THE Camelede TRAILER LINE... the 
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Western Uranium 
Output for First 
Half of 1957 


Further information on the do- 
mestic uranium industry has been 
released by the AEC. The following 
statistics for the first six months of 
1957 cover uranium concentrate pro- 
duction, ore production, stockpiles, 
ore reserves, bonus payments, and 
employment figures; they were com- 
piled by the Grand Junction Opera- 
tions Office. 


Uranium Concentrate Production 

During the first six months of 1957, 
12 uranium processing mills were 
operating in the West, including one 
Government-owned mill at Monti- 
cello, Utah. Uranium concentrates 
received at the Grand Junction depot 
totaled as follows: 


Month Tons of 
January 594 
February 587 
March 735 
April 737 
May 7 
June 681 
Total 4141 


The following five new uranium 
processing mills are scheduled to go 
into production before the end of 
this year: Texas-Zinc Minerals Co. 


mill at Mexican Hat, Utah; Western 
Nuclear Corp. mill at Split Rock, 
Wyo.; Dawn Mining Co. mill at Ford, 
Wash.; Union Carbide Nuclear Co. 
mill at Rifle, Colo.; and Trace Ele- 
ments Corp. mill at Maybell, Colo. 
Seven additional mills, including 
one pilot plant operation, are now 
under contract or construction. 


Rate of Ore Processing 
Uranium processing plants in the 
West treated ores at the following 
approximate daily rates during the 
first six months of 1957: 


Month 


Ore, Tpd 


January 
February 
March 
April 
May 
June 


Domestic Ore Production 
Uranium ore receipts at all domes- 
tic plants and Government purchase 
depots for the first half were re- 
ceived as follows: 


Month Dry Short Tons 
January 269,000 
February 262,000 
March 296,000 
April 281,000 
May 297.000 
June 301,000 
Total 1,706,000 


FASTENERS 
and 
RIP PLATES 


FOR HEAVY 
CONVEYOR 


AND 
ELEVATOR 
BELTS OF 

ANY WIDTH 


great strength and durability. 


take-up pulleys. 
% Distribute pull or tension uniformly. 


Also Promal top plates. 


joining clean straight rips. 


% FLEXCO Fasteners make tight butt joints of 


% Trough naturally, operate smoothly through 


% Made of Steel, Monel, Stainless, Everdur. 


% FLEXCO Rip Plates are for bridging soft 
spots and FLEXCO Fasteners for patching or 
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Compression Grip distributes 
strain over whole plate area 


Order From Your Supply House. Ask for Bulletin F-112 
FLEXIBLE STEEL LACING €O., 429 Lexington Chicago 44, Ill. 


Ore Fed to Process 


Mill feed was supplied in the fol- 
lowing tonnage during the first six 
months of the year: 


Average 
Month Tons UsOs, Pet 
January 279,000 0.28 
February 264,000 0.29 
March 288,000 0.29 
April 277,000 0.27 
ay 297,000 0.27 
June 289,000 0.26 
Total 1,694,000 0.28 
Ore Stockpiles 


Ore stockpiles in the western U. S. 
as of June 30, 1957, were as follows: 


Average 
Dry Tons Pet 
Private firms 448,000 0.27 
Government 1,498,000 0.28 
Total 1,946,000 0.28 
Ore Reserves 


Measured, indicated, and inferred 
uranium ore reserves total an esti- 
mated 67 million tons with average 
uranium oxide content of 0.27 pct. 
These reserves include only uranium 
ores considered economically mine- 
able and metallurgically amenable 
to treatment. Their distribution by 
states is approximately as follows: 


Thousands 


State of Tons 


New Mexico 47,700 0.26 
Utah 5,700 0.36 
Wyoming 5,300 0.24 
Colorado 3,300 0.34 
Arizona 1,800 0.29 
Washington, 
Oregon, and 
Nevada 1,500 0.25 
North and 
South Dakota 600 0.25 
Texas, Califor- 
nia, Montana, 
and Idaho 1,100 0.23 
Total 67,000 0.27 
Initial Production 
Bonus Payments 


Through June 30, 1957, a total of 
$10,581,062 had been paid on 832 
properties as initial production bonus 
under the terms of Domestic Urani- 
um Program Circular 6. Payments 
for the first six months of 1957 were 
as follows: 


January $383,490 
February 165,489 
March 187,115 
April 211,678 
May 338,573 
June 213,974 
Total $1,500,319 


Industry Employment 


As of June 30, 1957, there were 
about 2800 persons employed in the 
uranium mills of the western states. 
It is estimated that some 5500 per- 
sons are employed directly in urani- 
um mining in the West at this time. 


JFLEXCO| | 
= 
“AG 
_ 
SSS 22 


tilt 


| 


| 


Hl 


Superior 


Primary and Secondary 
= Crusher 


Bulletin 0787870 


@ Retains initial setting by compensating for 
wear on crushing surfaces with one-man, one- 
minute Hydroset mechanism. 


@ Entire circuit remains in balance. Feed size 
to subsequent equipment remains uniform. 


@ Aid in starting is provided after crusher 
stops under load. Hydroset control reduces 
torque requirements. Clearing of the crushing 
chamber is facilitated. 


@ High capacity is the result of a unique 
crushing chamber design and Hydroset con- 
trol of mainshaft position. 


Hydroset Mechanism | 


Hydrocone 


Secondary and Tertiary 


Bulletin O7B7145C 


@ Wide range of settings at the flip of a 
switch is made possible by the Hydroset 
mechanism. 

@ Chamber is cleared — if crusher stops 
under load — by merely lowering the 
mainshaft hydraulically with the Hydro- 
set mechanism. 


@ Protection against tramp iron is pro- 
vided by Hydroset mechanism and Auto- 
matic Reset. After tramp iron is released, 
crusher returns to original setting. Safe 
— no spring-loaded chamber. 


@ Compensation for wear, as in the pri- 
mary crusher, is a one-man, one-minute 
operation with Hydroset control. 


Proved all over the world — 


| 


| 


i} 


| 


Limestone in China, iron ore in Africa, lead zinc in 
South America—gravel, dolomite, cement clinker, 
copper, perlite, trap rock — name the product, 
name the location, you’ll find the Hydroset mech- 
anism on the job proving its tremendous profit 
advantage. Hundreds of Allis-Chalmers gyratory 
crushers, processing the widest range of products, 


are equipped with Hydroset mechanism. Even the 
world’s largest crusher, crushing hard taconite, 
features the convenience and economy of this re- 
markable design feature. 

See your Allis-Chalmers representative or write 
Allis-Chalmers, Industrial Equipment Division, 
Milwaukee 1, Wisconsin. 


Superior, Hydrocone and Hydroset are Allis-Choimers trademarks. 


ALLIS-CHALMERS 


Hommermills 


Vibrating Screens 


Jaw Crushers 


Gyratory Crushers Grinding Mills 


A-5322 


Kilns, Coolers, Dryers 
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MAGHINERY 


To provide adequate iron ore reserves for today’s 
increased steel production, the large-scale beneficia- 
tion of Taconite ore has become imperative. 

Long used in the economical production of Tac- 
onite concentrates in the Arctic region of Norway, 
Nordberg Machinery is now serving the huge Tac- 
onite operations in northern Minnesota . . . where a 
new era in U.S. iron ore production is now underway. 

The selection of Nordberg Machinery for the 
processing of the extremely hard Taconite ore again 
follows the trend of the mining fraternity to rely on 
this heavy duty machinery for its proven ability to 
reduce ores and minerals at low per ton cost. 

Nordberg Machinery now in use by leading Tac- 
onite producers includes Symons® Primary Gyra- 
tory Crushers, Symons Cone Crushers, Nordberg 
Rod and Ball Mills, and Symons Rod Deck Screens. 


2000 or more tons per hour of hard, 
While your crushing and processing problems abrasive Taconite ore. Symons Gyratories 


i é are built in sizes up to 72” feed openings, 
may not involve Taconite, you may be sure that with capacities of over 3500 tons per hour. 
Nordberg machinery is the logical choice for prac- 
tically any other ore and mineral processing oper- 


ation where big tonnages at low cost are required. 


NORODBERG MFSOS. CO., MILWAUKEE, 
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Typical arrangement of Symons Cone Crushers and Symons 
Vibrating Rod Deck Screens installed for secondary and 
tertiary crushing; and screening of Taconite ore. Cone 
Crushers of this type are built in sizes up to 7’ diameter, 
with capacities to over 900 tons per hour. 


Battery of four Nordberg 1014’ x 16’ Rod 
Mills and eight Nordberg 1012’ x 14’ Ball 
Mills installed in a large Taconite concen- 
trating plant. Other Nordberg Grinding 
Mills are built in sizes from 6’ to 13’ di- 
ameter and up to 50’ in length in Rod, 
Ball, Pebble, Tube and Compartment types. 


SYMONS ... A REGISTERED NORDBERG TRADEMARK 
KNOWN THROUGHOUT THE WORLD 


4 
© 1957, Nordberg Mig. Co. 
- - 
R 
| NOR'DBE: aS J 
1] W ils oO N Ss N MACHINERY ‘ 
anal _ NEW YORK @ SAN FRANCISCO e ST. LOUIS @ DULUTH @ WASHINGTON ae 
TORONTO @ MEXICO, D. F. @ LONDON @ GENEVA @ JOHANNESBURG 


MINING 


engineering 


PLANT LORE 


GASLIGHT AGAIN? LIGNITE STANDBY 


ANADA, according to a recent report, is putting 
some emphasis on the biogeochemical method of 
prospecting. The science, which depends on abnormal 
quantities of minerals in the stuff of various types 
of plant life to indicate underlying mineral deposits, 
is said to have been used successfully in locating con- 
centrations of copper. According to L. W. Morley of 
the Canadian Geophysics Div., the method is well 
regarded by some prospectors in British Columbia. 

Laboratory tests call for burning twigs or leaves 
in a spectrograph for comparison with the flame 
spectrum of the metal sought by the prospector. 
Matching lines suggest a more searching look at 
the indicated area. Because of plant affinity for 
only certain metals, the method is useless for find- 
ing others except in the case of possible associated 
deposits. Lead, zinc, and copper seekers should have 
the most success. 


ONVERTING the chemical energy of gases into 
usable electricity has been a long-nurtured 
laboratory hope. Now scientists at National Carbon 
Co. research laboratories have changed the aspira- 
tion to a practical reality. 

Using hydrogen and oxygen as fuel, an electric 
cell just developed by the Union Carbide division 
employs chemically treated, hollow, porous carbon 
electrodes to introduce the gases to an electrolytic 
bath. The chemical reaction produces electric cur- 
rent. 

“This new fuel cell,” says K. Kordesch, who has 
been responsible for the research work, “is merely 
a sealed jar into which are fed hydrogen and oxygen 
through the special hollow electrodes. The electro- 
chemical reaction of the gases at these electrodes 
produces an electric current, with only water as a 
byproduct. With the water disposed of by evapor- 
ation, the life of the fuel cell is theoretically un- 
limited. Cells have been operating here 8 hours a 
day, 5 days a week for the past year, with no signs 
of deterioration. This type of operation was pur- 
posely chosen for testing because the repeated 
starts and stops are much harder on the cell than 
would be continuous, around-the-clock operation.” 

Ability of the new fuel cell to operate at about 
atmospheric pressure has the advantage of eliminat- 
ing heavy, costly pressure vessels. Increased output, 
however, can be obtained by increasing the pressure. 
For a given cell, higher outputs vary directly with 
pressure. Research to date indicates that optimum 
fuel cell design will result in one which will produce 
about 1 kw of power from a packaged unit of 1 cu 
ft in volume. Basically, the fuel cell is most desir- 
able for high current, low voltage use. 

Pure oxygen is needed for higher current den- 
sities, but the new cell can be operated with hydro- 
gen and air for producing smaller amounts of power. 
This is convenient for small mobile units which 
can be operated simply on a tank of hydrogen and 
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the surrounding air. Standard grades of industrial 
hydrogen may be used. 

Inherent advantages of the fuel cell make it suit- 
able for use in remote locations where conventional 
fuels of water power are not available. 

One disadvantage is that the fuel cell is depend- 
ent om a practical and economical source of hydro- 
gen, a gas that at present is quite expensive and 
requires bulky pressure vessels. Combining the unit 
with an industrial process might solve the problem. 
An inexpensive source of hydrogen is a must if 
the cell is to compete with conventional power 
systems. 

An interesting possibility is the use of solar and 
nuclear energy to power the unit. Energy of the 
sun could be used to decompose water into hydro- 
gen and oxygen, for later use in fuel cells. Nuclear 
energy is known to decompose water, and in present 
nuclear plants efforts have to be made to prevent 
this decomposition. Instead, nuclear energy might be 
used to produce directly the gases necessary for op- 
erating the fuel cell. 


ROJECTED mill construction to process the 

uraniferous lignites of North and South Dakota 
will be deferred “pending development of improved 
ore processing or a greatly increased demand for 
uranium oxide,” according to Ohio Oil Co. and 
Arthur E. Pew. These interests which had proposed 
the operation told the AEC that their process studies 
showed it would not be economically feasible to 
follow through at the ceiling price of $10.50 per lb 
of uranium oxide contained in acceptable concen- 
trates derived from lignite. 

Since the mill was first proposed, reserves of 
richer minerals which could be processed more 
cheaply have been found. The AEC, however, offers 
the $10.50 per lb price to other prospective produc- 
ers of uranium from lignite and currently is study- 
ing a preliminary proposal submitted by Interna- 
tional Resources Corp. of Custer, S. D. 


Fee eee 


NGINEERS and scientists of the Geological Sur- 

vey have gone the way of the push button and 
as a result we have better understanding of the 
way minerals are formed—thus providing clues to 
the discovery of new deposits. 

An electronic digital-type computer system used 
by the Survey in recent months has produced new 
knowledge of the crystallographic structure of cole- 
manite, meyerhofferite, and certain laboratory-made 
boron compounds. Stability of the minerals was thus 
predicted and applied in conjunction with petrologic 
studies to learn the cause for certain mineral se- 
quences found in saline deposits of southern Cali- 


> 
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COMPUTER 


HARDY OIL 


TRENDS 


MIZZILES 


fornia. By the use of computed data derived from 
X-ray studies it was possible to find out, for ex- 
ample, how certain ring-like groups of atoms in 
meyerhofferite become linked into chains in forming 
colemanite. 

Current work goes even further. Researchers can 
now determine the precise locations of atoms in 
crystals, a procedure involving great numbers of 
complex computations. 

The Survey’s electronic brain consists of three 
interconnected units—an electronic computer, a 
magnetic tape memory or auxiliary storage unit, 
and an input-output system which prints, punches, 
and reads cards. The computer uses 10-digit num- 
bers, computes 30,000 additions or subtractions a 
minute and in the same length of time can complete 
7200 multiplications or 5100 divisions. 

Use of the machine has extended the effective- 
ness of research by solving problems in a week or 
two that would ordinarily take years of concen- 
trated mathematical effort. Voluminous informa- 
tion that might otherwise be lost through human 
failure can also be retrieved and applied. 

The Survey expects later applications of the com- 
puter to include the analysis of more than half a 
million reports on geologic samples; coal resource 
computations; problems in ground water flow; 
flood-routing studies; geodetic positioning; and 
water flow duration studies of stream gaging re- 
cords. Some 36 different projects have already been 
outlined for analysis. 


ETROLEUM is to a large extent a self-financing 

industry according to the views of at least two 
market analysts. Of the $24 billion of capital spent 
in the U. S. for petroleum facilities during the 
five years 1951 to 1955, $20 billion came from re- 
tained earnings and capital extinguishment charges, 
with only $4 billion provided primarily by the 
capital markets. This pattern of reinvestment of 
earning, report F. G. Coqueron and J. E. Pogue of 
Chase Manhattan Bank, is essential to support the 
present and anticipated growth of the petroleum 
industry. 

Rehabilitation and expansion undertaken by the 
industry throughout the Free World after World 
War II increased gross investment in fixed assets 
by 174 pct, from $23 billion at the end of 1945 to 
$63 billion at the close of 1955. During the same 
period the daily rate of petroleum consumption 
expanded from 7.1 million bbl in 1946 to 14.4 million 
bbl in 1955, or more than 100 pct. 

Capital expenditures after the war and up to 
1955 amounted to $56 billion. Some $38 billion or 
about 68 pct went for properties and plants in the 
U. S., while $18 billion or 32 pct was spent for 
facilities in foreign areas. Total outlay was dis- 
tributed as follows: 59 pct for production facilities, 
13 pet for transportation, 16 pct for refining, and 
12 pct for marketing. 

More than $40 billion or 64 pct of the total 
investment employed at the end of 1955 was lo- 


cated in the U. S. The overall investment of $63 
billion was divided among departments as follows: 
production 48 pct, transportation 17 pct, refining 
20 pet, and marketing 15 pct. 

The analysts emphasize a point: “. . activities 
of the petroleum industry can be operated ef- 
ficiently only through the agency of its integrated 
character, while essential competition can best be 
preserved through the medium of independent 
corporate entities.” 


HE guided missile business, like most others, 

has very quickly developed a language all 
its own. The list of terms below supposedly re- 
sults from the influence of former German scien- 
tists on the U. S. staff and was devised for use in 
technical literature. Personally, we prefer jumbos 
and jackhammers. 


We are told die echte German script is not avail- 
able—please pardon our wedding text. 


NUCLEAR RESEARCH Jas Whizkidden Grupe. 


PRELIMINARY DESIGN Das Uppen-das-Rlaudsen 
Grupe. 

DESIGN Das Raundscholder und 

Reddischeiz Grupe. 

PROJECT ENGINEER 

MANAGEMENT 


ADMINISTRATION 


Das Schwettenoudter. 
Das Ulzerenbalden Grupe. 


Das Oudtgezchmardten 
Grupe. 


GUIDED MISSILE Das Skientifiker Geschten- 


ferkes Firenkrakker. 
ROCKET ENGINE 


Dar Firenschpitter uit 
S$chmoken-und- Schnorten. 
Das Skivirten Jucenkind 
Firenschpitter. 
CELESTIAL GUIDANCE Bas Schruballishe Schtar- 
gazen Peepenglasser mit 
Rowputenratracen, Schteer- 
entuerke. 


LIQUID ROCKET 


PRESET GUIDANCE Das Senden Offen mit ein 
Pattenbacker und Finger 
Gekrossen Schteerentverke. 
Das Laudenboomer. 


Das Eargeschplitten 
Landenboomer. 


WARHEAD 
NUCLEAR WARHEAD 


HYDROGEN DEVICE Bas Eargeschplitten 


Laudenboomer mit ein 
grosse Holengraumd und 
Alles kaput. 
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helps to create 


“Thiokol” synthetic rubber, is an organic polysulfide elastomer. 
One of its many uses is in solid propellents for long range and 
high altitude missiles. In liquid form, “Thiokol’’ synthetic rubber 
mixed with an oxidizer, is poured into specially designed com- 
bustion chambers of rockets. It helps to give stability to the fuel 
charge and resistance to shock. It promotes uniform burning. 
When the rocket motor is ignited the mixture burns with great 
intensity and generates large volumes of gas to propel the rocket. 


Solid propellents made with “Thiokol” synthetic rubber have 
*A trade name of Thiok 


7 


proved their value in rockets over liquid propellents in many 
ways: they are less costly and easier to manufacture—simple and 
rugged construction makes handling and launching easier and 
sofer—fuel tanks and complicated feed systems are eliminated. 


“Thiokol” synthetic rubber is a product containing a high per- 
centage of Sulphur—its name being derived from the Greek words 
for sulphur and glue. Here is another example of the continually 
broadening field in which Sulphur is an important and necessary 
element. 


ol Chemical Corporation. 


Texas Gulf Sulphur Co. 


7S East 45th Street, New York 17, N.Y. 
811 Rusk Avenue, Houston 2, Texas 


Sulphur Producing Units 


1076—MINING ENGINEERING, OCTOBER 1957 


Newgulf, Texas 
® Moss Biuff, Texas 


® Spindietop, Texas 
® Worland, Wyoming 


HEADLINE products | 
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EIMCO 630 TRACTOR-LOADER 


Crawler or Rail Mounted .. . 


There s An Eimco Mucking Machine 
For Your Drift and Mining System 


An Eimco 630 Tractor-Load- 
er mucked inside an 18’ circular 
shaft in Wyoming and a large 
rectangular shaft in West Vir- 
ginia. On basis of its perfor- 
mance, it was publicized as 
follows: “This machine maneuv- 
ers well in confined space and 
readily loads into shaft buckets. 
It seems to offer many advan- 
tages in shaft mucking, loads 
faster than a clamshell and is 
safer to operate”. 

In Eastern U. S., an Eimco 
21 rail-mounted loader was in- 
strumental in the early comple- 
tion of a 6250’ x 8’ diameter 
tube that will bring fresh off- 
shore water from a lake to city 
mains. It worked around the 
clock, tossing 30 yard rounds 
of rock (brought down 6 times 
every, working day) over its back 
into 1 yard end-dump cars. 

Operating in rock develop- 
ment work for a large German 
mining firm, 5 Eimco 40-H rail- 


mounted conveyor loaders have 
driven 122 miles with a com- 
bined downtime equivalent to 
less than two working days. 

In England, rail-mounted 
12 B’s - Eimco’s smallest mech 
anical loader — muck slate in 
a small diameter heading. The 
discovery: “Loading with Eimco 
12 B’s has many advantages over 
chute and grizzly system. It's 
faster, safer and more econom- 
ical”. 

In mining and tunneling op- 
erations throughout the world, 
Eimco mucking machines contin- 
ve to establish new production 
records under tough, grueling 
service. 

There are many profitable 
reasons for specifying Eimcos 
when you buy your next muck- 
ing machines. And there’s an 
Eimco type and size of mucker 
to meet your drift and mining 
system needs. Write today for 
full information . 


THE EIMCO CORPORATION 


Salt Lake City, Utah—-U.S.A. 


Export Offices: Eimco Bidg., 52 South St., New York City 


New York, N.Y. 
Cleveland, Ohio 


Chicege, Sen Frenciece, Collf. Paso, Tex. Sirminghem, Ale. Ovluth, Minn. ‘Kellegg, ide. Pittuburgh, Pe. Seattle, Woe. 


Hevsten, Tex. 


London 


Englend Paris, France Millen, Waly Jahannashurg, South Alvice 8-280 
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EIMCO 40-H CONVEYOR LOADER 
EIMCO 21 LOADER 
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Rocky Mountain Mill Beneficates 1750 TPD of complex 

Idarado ore containing copper — lead — zinc — gold & silver 

. 8 Situated high in the Rocky Mountains in Colorado almost 9000 feet 
M | n | n g C 0. above sea level, the Pandora Unit of the Idarado Mining Company has 


encountered one of the most complex ore bodies in the Western United 
States. Consisting mainly of copper, lead, and zinc sulphides, the ore 


C | a S S i fi e S$ also contains recoverable fractions of gold and silver. 


In the Pandora flowsheet an 8’ x 12’ rod mill receives 1750 TPD of 

| minute 1” copper-lead-zinc-ore. The rod mill discharge is jigged to re- 

C 0 m p ex 0 re cover gold and silver which is then sent to amalgamators. The bal- 
ance of the rod mill discharge, which is approximately 30% minus 

° 65 mesh, overflows to the Dorr Quadruplex Classifier. The Dorr 

B 0 d y wit h Classifier, which is 16’ wide by 28’ long, is in closed circuit with ball 
mills and produces a 65 mesh separation at an overflow solids concen- 


tration of 35%. Overflow product goes to a conventional 
flotation circuit for subsequent recovery of the copper, 
lead, and zinc values. 


For more information on Dorr HX Classifiers, write for a copy of 


he avy duty > Bulletin No. 2281. Dorr-Oliver Incorporated, Stamford, Conn. 


Classifier 
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WORLD -WIDE RESEARCH ENGINEERING EQUIPMENT 


Cutaway view of the type HB Jaw Crusher shows 
the advance design characteristics of Traylor- 
Made Jaw Crushers—notice the sturdy bulldog 
pitman. One of the many important features of 
this crusher is the Traylor curved jaw plate. 
This design employs the principal of the famous 
curved fittings which have proved so successful 
and satisfactory in Traylor crushing machinery. 


Write for Bulletin * 5105 for information. 


48" x 60" jue HB Jaw Crusher in primary ser- 


vice, reducing quarry material to desired size. 


TRAYLOR ENGINEERING & MFG. CO. 993 MILL ST., ALLENTOWN, PA. 


Sales Offices: New York — Chicago — San Francisco 
Canadian Mfr.: Canadian Vickers, Ltd., Montreal, P. Q. 
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Excur mies of underground road that lace through 
a large lead-zinc mine in northeast Washington 
State are being maintained by a Cat No. 212 
Motor Grader. 


shape that substantial savings are being realized 


It has put the roads in such good 
on the mine’s hauling equipment. And, above 
ground, the versatile machine maintains 1% miles 
of company road and handles snow removal. 


What makes Cat Motor Graders the standard 
of the industry ? 


Their engines are tough, simple, dependable— 
burning low-cost fuels such as No. 2 furnace oil 
without fouling. They’re easy to operate, with posi- 
tive-acting power controls and short radius turns. 
No need to stand up to see the wheels, the blade or 


the job. The blade can be changed from ditching 


to bank-sloping in less than a minute from the driv- 
er’s seat. Cat Motor Graders are ruggedly built 
throughout—to stand up to steady work with a 
minimum of down time. 

Low first cost, low operating costs and high 
trade-in value make Cat Motor Graders ideal for 
you. Ask your Caterpillar Dealer for a demonstra- 
tion right on your job. You can count on his reli- 
able parts and service to protect your investment. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 
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Trademarks of Caterpiiiar Tractor Co. 


qne DATE-*° 


EJC conducted surveys in 1953 and 
1956 to determine the salary struc- 
ture of the engineering profession. 
The results were published sepa- 
rately as Professional Income of 
Engineers in 1954 and 1957. The 
survey is the most comprehensive 
and representative study generally 
available on the subject. The EJC 
staff responsible for the statistical 
compilation and analysis of the data 
of the surveys have completed a 
comparison of the two studies. The 
summary results of the comparison 
are presented herein. 

The 1956 sample was greatly ex- 
panded over that for 1953 (107,832 
vs 69,061); however, the data of each 
survey are essentially comparable. 
The increase was due in part to a 
considerable expansion of engineer- 
ing staffs of the participating organi- 
zations and in part to new partici- 
pants in the 1956 survey. A review 
of the returns of these new partici- 
pants has been made by the EJC 
staff and it was found that there 
were no material deviations in their 
data from that of the overall salary 
structure. The conclusion of the staff 
is that the surveys are comparable. 

There are some variations in 
trends when each of the various in- 
dustrial classifications of the survey 
are compared, but it would be most 
productive and meaningful, at this 
time, to analyze the structure of the 
entire industrial sample for both 
surveys. This means we shall con- 
sider the salary structure of all en- 
gineers covered in the various indus- 
trial and private activities (exclud- 
ing thus, governmental and educa- 
tional engineers). For ready refer- 
ence the data were presented in 


Table VI, p. 14, of the 1953 study 
and Table VI, p. 15, of the 1956 sur- 
vey. The various line groupings in 
the salary structure—median, quar- 
tiles, and deciles—follow, with minor 
variations, the same general! trends; 
and for the sake of simplicity, the 
median line will serve as a basis of 
comparison. The relative change in 
salary will be reviewed in terms of 
percentage increase above the 1953 
levels. 

The first consideration will be the 
increment for each experience level 
or position—that is, the median sal- 
ary for engineers with one year ex- 
perience (referred to years from 
baccalaureate degee) in 1953 will be 
compared with the median salary 
for engineers with one-year experi- 
ence in 1956. This would mean com- 
paring what the 1952 graduate was 
earning in 1953 with what the 1955 
graduate was earning in 1956. The 
same basis is used all along the line 
for all experience levels. The in- 
creases (as percentage) have been 
computed and plotted in Graph 1. 
It is shown that, for engineers with 
up to 22 years of experience, the 
salary rise was over 24 pct, reaching 
a maximum of 35 pct at eight years 
experience; this trend tapers off from 
the 22-year level (22 YFD—year 
from degree, or experience) and 
levels out for the older engineers at 
about 17 pct rise. 

It should be noted here that the 
engineering profession is composed, 
in the majority, of a youthful group. 
Therefore, the period covered be- 
tween 0 and 22 YFD (where the 
largest increments occurred) con- 
tains probably 75 pct of the engi- 
neering population. The curve la- 
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Trends in Professional Income of Engineers 


An Engineers Joint Council Staff Report 


MINING 


engineering 


beled 1A is an average line of in- 
crease which has been drawn to 
smooth out the fluctuations and in- 
dicate the overall trends. 

The next consideration is based 
on a comparison of the increments 
for each group of engineers—to trace 
the career salary progression. In 
this case the engineers who gradu- 
ated in 1952 and had one year ex- 
perience in 1953 are the same rep- 
resented as having four years expe- 
rience in 1956 and their relative 
salary movements are studied. The 
computed salary increments are 
plotted in Graph 2. It can be ob- 
served again that the larger incre- 
ments occur in the areas of greatest 
population density, covering the 
same span as noted previously. Up 
to 20 YFD, the increment is above 
30 pct, in fact, well above 40 pct for 
those with up to 13 years experience. 
It does again taper off at about the 
same level as for the position com- 
parison. 

For the same period (1953-1956), 
U. S. Dept. of Commerce figures in- 
dicate that earnings of all full-time 
wage and salary employes rose 12 
pet and of full-time manufacturing 
wage earners, 13 pct. Bureau of La- 
bor Statistics figures indicate that, 
for the same period, the Gross Na- 
tional Product increased about 13 
pct, the Wholesale Price Index 4 pct, 
and Consumer Price Index 3 pct. 

Conclusion: An impressive up- 
ward adjustment occurred in engi- 
neers’ salaries between 1953 and 1956. 
To the best knowledge of the staff 
of EJC responsible for these studies, 
this rise is unparalleled in the re- 
corded history of the engineering 
profession. 


SALARY INCREA*S© PCT 
1953-1956 


‘ 5 10 1S 20 25 


EXPERIENCE LEVEL, YEARS FROM BACCALAUREATE DEG 


30 


Graph 1. Salary increases as percentages have been computed 
and plotted in relation to position or experience. The base 
year is 1953 and the increase curve is based on the year 1956. 


35 40 1 5 


Graph 2. Salary increase was plotted as it related to in- 
dividuals. Again the base year was 1953 and the increase 
curve plotted was based on the year 1956. 
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Complete Cement 
for GRESIK CEMENT 


MANUFACTURING ENGINEERING CORPORATION 
TWO PARK AVENUE, NEW miiia 16, N.Y. @ FACTORY, DANVILLE, PA. 
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Plant... Capacity 5000 barrels per day 
COMPANY, Island Java, 


‘ae 


Aerial view of Gresik Cement Com- 
pany Plant, Island of Java, Indonesia 


One of the world’s most 
modern Cement Plants 
. . . Equipped with 
Kennedy Machinery. 


Asia’s most modern 
Cement Plant. 


KENNEDY 
PRODUCTS 


* Gyratory Crushers 

* Swing Jaw Crushers 

* Slugger Rolls 

* Ball Mills 

* Vibrating Screens 

* Rock Feeders 

* Air Swept Tube Mills 

* Rotary Kilns 

* Coolers, Dryers 

* Preheaters, Deheaters 

* Fans, Blowers 

* Hoists, Conveyors 

* Classifiers 

* Pneumatic Transport Systems 
* Dust Collectors 

* Complete Cement Plants 

* Complete Lime Plants 

* Waste Heat Boilers 

* Pulverized Coal Firing Systems 


Send for Bulletins describing Kennedy Machinery and Equipment 


Indonesia 


NEW CEMENT PLANT 
OPENS IN INDONESIA 


Special to The New York Times. 
JAKARTA, Indonesia, Aug. 


n impressive example of 
ndonesian-United States coop- 
eration, was formally dedicated 
today by President Sukarno in 
East Java. 

The ceremony in the newly 
constructed industrial compound 
at Gresik, near Surabaya, repre- 
sented an important event in the 
history of underdeveloped Indo- 
nesia, now struggling through 
her worst economic crisis. The 
cement plant, sprawling over 
several acres is expected to 
make a major contribution in 
helping strengthen the nation’s 
economy and spur new indus- 
tries. 

From Gresik cement will be 
transported to scattered areas 
of the archipelago. Today's 
cement at Gresik will be tomor- 
row’s new schools, houses, dams, 
hospitals, factories: and bridges, 


all of which are badly needed by 


Indonesia's 82,000,000 people, 

In a dedication speech, as re- 
ported here, President Sukarno 
thanked the United States for 
financial and technical coopera- 
tion in building the Gresik 
works. 

Cement experts said the plant 
had a capacity of 250,000 tons 
of cement a year, about 75,000 
tons more than total present 
production. They said the plant 
was expected to save Indonesia 
about $7,000 a day in foreign 
exchange. 


Reprinted from 
The New York Times, August 8, 1957 
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HANDYMAN OF THE WORLD’S BIGGEST 


They never run out of jobs for the Caterpillar D7 Tractor 
at Zonolite Company’s vermiculite mine. Located at a 
4,000-foot elevation north of Libby, Montana, the mine 
produced 1,800,000 tons of material last year, and the 
D7 was an important contributor to this high production. 


The big yellow tractor equipped with a No. 7A Bull- 
dozer cleans up rock after blasting and helps sort waste 
from ore. It cleans up the dumping area and waste piles 
around the mills. It also builds haul roads and clears 
snow, which often reaches a depth of four feet. 


Working conditions are rugged. Temperatures have 
dropped as low as 35° below. Some of the ore is ex- 
tremely abrasive and slippery. But the D7 is designed 
to give you top production no matter what the climate, 
elevation or working conditions. Even in rugged footing, 
you'll find longer wear in the D7 track shoes hardened 
by a “water-quench” process. 


VERMICULITE MINE- 


Rated at 128 HP (flywheel), its four-cycle diesel 
engine gives you longer power stroke, resulting in 
smoother, more efficient operation than in two-cycle 
engines. Fabricated steel steering clutch case and frame, 
hardened precision-machined transmission and final drive 
gears and the exclusive Caterpillar oil clutch make these 
tractors ideal for rough mining duty. 


Stop by your nearby Caterpillar Dealer soon and 
inspect the high-production D7. Or better still, call him 
and ask for a demonstration on your job. You'll find 
your dealer backs every tractor with quick, efficient serv- 
ice and quality factory parts. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 
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“Caterpillar and Cat are Reg T 


ont GOAL resources 


Mechanized 


Methods 


by John Peperakis and James Quigley 


Ve 1950 Kaiser Steel Corp. acquired control of the 
Utah Fuel Co., a pioneer Utah coal concern own- 
ing large reserves of high volatile coking coal near 
Sunnyside, Utah, and large reserves of coal else- 
where in Utah and Colorado. Kaiser Steel later dis- 
posed of the noncoking quality reserves included in 
the property and over the past six years has devel- 
oped a group of three fully modernized mines and a 
central preparation plant at Sunnyside. This plant is 
geared to furnish 1.6 million tons per year of low 
ash coking coal to the byproduct coke ovens at its 
steel plant at Fontana, Calif., and to its beehive oven 
coking plant at Sunnyside. 

General Problems: Topographic and physical con- 
ditions under which Utah coals are found differ from 
those in most bituminous coal districts of the east- 
ern and central states. Utah coal seams lie under 
deeper cover, generally at steeper pitches; consider- 
able distances are burned along the outcrop and 
back from the surface of the outcrop. Usually the 
coal seams lie high up on escarpments, accessible 
only through deep narrow canyons or long rock tun- 
nels and tramways. The topography at Sunnyside is 
particularly rough, with great changes in cover over 
the coal in relatively short horizontal distances. This 
is due to the cliff-making sandstones of the cretace- 
ous Mesa Verde group, the coal-bearing measures 
being in the Blackhawk formation. The thick mas- 
sive Castle Gate sandstone of the Prince River for- 
mation overlies the coal-bearing rocks and is sus- 
pected to be the chief cause of roof control problems. 

The Kaiser Steel property extends for nine and a 
half miles along the face of the Book Cliffs. The tract 
of coal land currently being mined extends six and 
a half miles along the outcrop. The coal occurs in 
two mineable seams, separated by as much as 45 ft 
of shale in the central part of the tract and only a 
foot or so in the southeastern part of the property. 
Where the upper seam has been mined it varies 
from 3% to 5% ft thick and in some areas is so split 
up it is not workable. The lower seam ranges from 
5% to 13 ft thick. Where the two seams come to- 
gether in the southern part of the tract mining 
heights are often 20 ft, owing to the necessity of 
mining with the coal the split between the two 
seams as well as cap rock above the upper seam. 

The Book Cliffs lie on the northeastern flank of 
the San Rafael anticline and on the southern flank 
of the Uinta Basin syncline. The coal seams dip in 
under the cliffs to the northeast at 6 to 22 pct. Faults 
roughly parallel to the strike with displacements up 
to 33 ft are common. Some faults also extend down 
the dip but are not as common. 

Former Operations: The Sunnyside coal deposits 
were opened up by the Utah Fuel Co. in the late 
1890’s, the first production being recorded in 1900. 
The mines were worked intensively for the coals 
coked in beehive ovens at the property. During its 
peak period of production between 1910 and 1920 
Sunnyside was one of the great coal producing camps 
in the West, but as demand for beehive coke dimin- 
ished Sunnyside dwindled from the largest commu- 
nity in Carbon County to almost a ghost town in the 
1930’s, production being largely confined to a small 
amount of beehive coke to lead smelters. In 1942 
when Kaiser Steel started construction of the steel 
plant at Fontana, Calif., part of the Sunnyside prop- 


J. PEPERAKIS is Manager of Sunnyside Coal Mines, Kaiser Steel 
Corp., Sunnyside, Utah. J. QUIGLEY is Vice President of Centennial 
Development Co., Eureka, Utah. 
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erty was leased from Utah Fuel Co. This lease cov- 
ered the southern part of the property, and the old 
No. 2 mine was reopened to establish a source of 
coking coal for the byproduct coke ovens then under 
construction at Fontana. 

In 1950 Kaiser Steel acquired the entire Utah 
Fuel property and proceeded immediately to develop 
the mines into a fully modernized source for all its 
western coal needs. Low volatile midwestern coal is 
still purchased to blend with the Sunnyside coal to 
make a metallurgical coke that will stand up in a 
blast furnace. Recently Kaiser Steel purchased a 
530,000-acre reserve of coking coal near Raton, N. M. 
Although only small amounts of coal are drawn 
from this source at present, it can be called upon to 
supply coking coal for any foreseeable demands by 
the western steel industry. 

Problems Related to Former Operations: At the 
time Kaiser Steel took over the Sunnyside proper- 
ties 21 million tons of coal had been mined from the 
upper seam, the lower seam, and in places the two 
seams together. These worked out and partially 
worked out areas covered 4 sq miles extending 5 
miles along the strike and a maximum of 1% miles 
down the dip of the seams. The better areas of clean 
coal and areas of good mining conditions under light 
cover had been mined out. Most of the reserves re- 
maining were on the fringes of the worked out areas 
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Mine rehabilitation required extensive advances through old caved slopes since substantial reserves remained within areas cut up 


by miles of old rooms and entries. More than a million rock bolts have been installed since 1949, and some of the thousands of war 
surplus landing mats used to support soft shale may be seen on side walls of this entry. 


and under deeper cover and very difficult roof con- 
ditions. Substantial reserves also remained within 
areas cut up by miles of old rooms and entries. To 
gain access to these very large remaining reserves it 
has been necessary to reconstruct some 22 miles of 
old slopes and entries at great cost, a program now 
in its sixth year and nearing completion. It is esti- 
mated that ten more years of mining will be re- 
quired to work clear of some of the deeper old 
workings. 

The surface facilities required complete rebuilding 
and extensive relocation. A new central warehouse, 
a large maintenance shop, and a large hoist are cur- 
rently under construction. 

Shortly after the properties were acquired a 
blast furnace at Fontana was constructed to supple- 
ment the two already in service. This boosted by 50 
pet the plans to build up production to serve the 
blast furnaces. 

Early planning centered on: 1) development of 
haulage and ventilating facilities to support high 
production face mining and 2) reconstruction of the 
existing coal preparation plant to handle increased 
tonnage and higher amounts of waste in the raw coal 
without increasing the labor force. Then attention 
was turned to full mechanization at the face and 
gradual improvement of mining methods and oper- 
ating machinery. 


. 
Zz 


Yieldable supports are used in this section of the No. | mine main hoisting slope. Entry at this property is through an 1800-ft 
rock tunnel to the lower seam, a mile along the strike, and then via a rope slope down dip. Primary haulage and rope slopes 
get 80-Ib rail with welded joints on 40-in. gage. Secondary haulage is on 60-Ib steel. 


General Operating Plans: Three mines were laid 
out with separate ventilating and haulage systems. 
The haulage systems all converge on the automatic 
dumping facilities at the head of the preparation 
plant. No. 1 mine extends northwest through an 
1800-ft rock tunnel to the lower seam, then 1 mile 
along the strike to a rope slope down the dip served 
by a 1000-hp hoist. A new area is being developed 
beyond this slope to the raise above an extension of 
the strike haulageway. No. 2 mine, southeast of the 
prepzration plant, is served by a haulageway along 
the strike through 9000 ft of mined out areas to a 
rope slope down the dip served by a 600-hp hoist. 
No. 3 mine lies directly down the dip from the wash- 
ing plant on a rope slope that will be served by an 
800-hp hoist now being installed to replace a smaller 
unit that has reached its capacity. 

Haulage: Since modern coal mining depends on 
efficient movement of mined coal from working faces 
to the surface, one of the first steps in the rehabili- 
tation program was to construct a haulage system on 
the most favorable grade and alignment possible in 
each mine. This meant penetrating caved workings, 
regrading by rock excavation, and resupporting with 
roof bolting and with concrete, which is used in 
areas of excessive pressure. Eighty-pound steel with 
welded joints on 40-in. gage was laid on the 8 miles 


of primary haulage and rope slopes in the three 
mines. All secondary haulage is on 60-lb steel. On 
the main line 20-ton locomotives haul 50 car trips, 
each car holding 5.75 tons of raw coal. Speeds range 
up to 15 mph. All main haulage locomotives are in 
direct contact with a central dispatcher’s office by 
trolley wire speaker system. 

Entry haulage off the rope slope is secondary to 
the main haulage, since rail and ties are salvaged 
for further use as an entry is worked out. Entries 
are turned off on each side of the rope slopes on 350 
to 400-ft centers and advanced outward to the mine 
boundaries. When an entry is developed to its full 
length the driving of rooms and extraction of pillars 
commences on the retreat. Trackage loading facili- 
ties and equipment are gradually moved backward 
as mining retreats to the barrier pillars protecting 
the slopes. The shortest room entries are 3000 ft, the 
longest 8000 ft, and the average 4500 ft. A two- 
heading entry driven by a continuous miner ad- 
vances about 500 ft per month. Under favorable 
conditions where roof support is not a problem en- 
tries have advanced up to 1000 ft per month. 

Ventilation: Modern methods mean rapid face ad- 
vance. The ventilation problem is twofold: first, 
permanent air courses must be designed to integrate 
into an expanded future system, and secondly, new 
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TOP: One of two 8-ft Aerodynefans that deliver 380,000 cfm to 
the No. 1 mine. BELOW: The 1000-hp Nordberg hoist serving the 
main haulage slope. 


construction of airshafts and airways must proceed 
ahead of demand to insure uninterrupted produc- 
tion. 

No. 1, the most gaseous mine, making about 1.6 
million cu ft of methane per 24 hr, is equipped with 
two 8M-84 Jeffrey Aerodyne fans each powered by a 
150-hp motor. One of the fans is also equipped with 
a standby diesel drive that cuts in automatically in 
the event of a power failure. The two fans force 
about 380,000 cfm into the mine through a system of 
intakes parallel to the main hoisting slope. Air is 
returned through six airways converging to three 
large openings at the outcrop. 

No. 2 mine is ventilated by a Joy model M-96 fan 
equipped with a 200-hp motor. A 200-hp motor used 
as a standby can be connected to the drive in a 
matter of minutes. A system very like that in No. 1 
mine forces 350,000 cfm into the mine. 

No. 3 mine is ventilated by a 150-hp drive fan ex- 
hausting 210,000 cfm. This is a very old installation, 
now being replaced by a large Joy model M-96 fan 
situated nearby at the top of a 16-ft diam airshaft 
115 ft deep to the coal seam. The system of coursing 
air through the mine is similar to that used in No. 1 
and No. 2 mines. 

The presence of large old worked out sections and 
the heavy cover add to the ventilation problem at 
Sunnyside. Aircourses and haulageways passing 
through the old workings or adjacent to them must 
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be sealed off from these workings to prevent dilu- 
tion of the fresh air with black damp. Stoppings and 
seals require special construction to provide air- 
tightness under great pressure. 

A sizable force constantly maintains the air- 
courses. This has paid off in more efficient produc- 
tion. 

Mining Methods: Because roof conditions at 
Sunnyside are extremely poor, mining operations 
are very difficult. The following table shows the 
percentage of production coming from various 
depths: 


Depth, Ft Percent Tons Per Day 
More than 2000 35 2450 
1500 to 2000 ll 770 
1000 to 1500 15 1050 

500 to 1000 39 2730 


Although these depths are moderate compared to 
those reached in metal mining they are considered 
very deep in the American bituminous coal indus- 
try. The heavy cover and pitch of the seams induce 
such pressure in the abutment areas ahead of 
mining that it is almost impossible to hold the fra- 
gile roof in place by any type of support. In some of 
the worst sections heavy concentrations of roof bolts 
combined with very heavy timbering have failed to 
hold the top in place long enough for mining to be 
completed. When caves occur either forepoling or 
spiling with discarded drill steel is used to get 
through the caved mass of rock. 

Since roof bolting was started in 1949, 1.265 mil- 
lion bolts have been installed and 135 miles of 
workings have been roof bolted. Current use runs 
from 20,000 to 22,000 bolts per month. Bolt lengths, 
varying from 4 to 10 ft, are usually 6 to 8 ft. War 
surplus pierced plank from wartime landing fields 
is used extensively to provide more bearing area 
for bolting to prevent the soft shale from falling out 
between bolts. Two thousand landing mats are in- 
stalled monthly. Bolt spacing is 4 ft or less if re- 
quired. 

It has been found that areas of costly mining with 
difficult roof conditions cannot be bypassed for im- 
mediate production gains. Every effort has been 
made to insure recovery as complete as possible now 
and in the future. The Sunnyside reserves are con- 
sidered an important asset worthy of substantial ex- 
penditures to insure low cost production and to 
insure maximum recovery as far as natural condi- 
tions permit. 

Poor roof conditions greatly reduce flexibility in 
mining. It is not possible, as in some mines, to favor 
maximum loadability by devising mining systems 
with many working faces. Years of experience with 
modifications of the room and pillar system at 
Sunnyside have proved that maximum production 
is obtained with a minimum number of working 
faces. This reduces the system used to the room and 
pillar method in one of its most basic forms. Skill 
of the highest order is necessary in planning, super- 
vision, and workmanship. 

After the room entries have been driven to the 
limits of the coal block the operation of driving 
rooms and extracting pillars begins. In sections 
where workings are under heavy cover and under 
poor top the practice is to drive a single room 22 ft 
wide up the pitch through the block to the worked 
out area above. When the rooms break through, ex- 
traction of the pillar begins downward, usually fol- 


PERS 


Workings are deep by bituminous coal 
production standards (see page 1088), 
and heavy cover and pitch of the 
seams induce high pressure in abut- 
ment areas ahead of mining. In the 
worst sections heavy timbering plus 
rock boliing have failed to hold long 
enough to complete extraction, and 
forepoling or spiling is used to get 
through the caved mass or rock. 


lowed closely by roof caving. Occasionally large 
areas stand for a week or so before caving, even 
though extraction has been very complete. 

In the few areas where roof conditions permit, 
several rooms are advanced, pillar extraction fol- 
lowing. Room centers depend on thickness of seams, 
roof conditions, and type of mining equipment used. 
These centers range from 35 to 50 ft, averaging 40 
ft. Minimum room centers are favored because the 
small pillar next to the cave crushes as the room is 
advanced, so that there is less likelihood of bounces 
or mountain bumps. 

In areas where the seam is more than 10 ft thick 
entries and rooms are advanced in the upper part 
of the seam, leaving bottom coal that is recovered at 
the time pillars are extracted. Known as top 
benching, this system was pioneered at the Sunny- 
side mines and is now being used successfully in 
several other large operations in the state. For- 
merly, in high coal, entries and rooms were ad- 
vanced in the lower part of the seam, leaving 
several feet of top coal for the immediate roof. 
Under heavy cover and abutment pressures induced 
by pillar mining, the top caved or had to be taken 
down and supported with bolts and long timber. 
This resulted in high and dangerous ribs. Bolting 
and timbering were slow operations because of the 
staging necessary to provide a piatform for instal- 
ling roof supports. Roof support was not very effec- 
tive because the top rock overlying the coal had also 
broken up. The long timber served only for warning 
purposes and did not provide much support. 

The change to the top bench system resulted in 
more moderate working heights. Installation of 
bolts was accomplished much faster—the top rock 
was bolted as fast as it was exposed by the ad- 
vancing coal face. Eliminating the high ribs pro- 
vided more security to personnel, who are now 
exposed to high ribs only in the immediate face area 
when bottom coal is taken up. In this area roof and 
rib support previously installed on the advance pro- 
vides adequate protection. One of the important 
benefits resulting from the introduction of this sys- 


tem has been to lessen considerably the danger to 
personnel from mountain bumps. It has been found 
that where this system of mining has been properly 
applied in virgin territory the possibility of bumps 
has been reduced markedly. 

Ten continuous miners are now in operation. These 
are well suited to conditions at Sunnyside because 
they require a minimum number of places to pro- 
vide good production efficiently. With a seven-man 
crew peaks of more than 500 tons per shift have 
been reached, but the average is about 250 tons per 
shift, or 36 tons per man. 

Conventional mining units are used in areas 
where rock splits prevent the use of continuous 
miners. Seven conventional units are in operation. 

Despite difficult mining conditions a performance 
of 10 to 11 tons per man total payroll is average. 
This compares favorably with any other large coal 
mining operation in the state, commercial or cap- 
tive. 

Coal Preparation Plant: All coal mined is washed 
in a centrally located plant near the portal of No. 3 
mine. With two 7%-hr shifts, input of raw coal to 
the plant averages close to 9000 tpd—7000 tons of 
clean coal and 2000 tons of reject material sent to 
the waste disposal dump. 

Two rotary dumps handle the coal cars from the 
three mines at 950 tph, and a separate rotary dump 
emptying into a rock bin handles mine cars loaded 
with rock. The mine-run coal is reduced to 6x0 size 
in a large 27x12 rotary breaker, and the product 
from the breaker is stored in a 4000-ton blending 
and surge bin. By means of eight vibrating feeders, 
650 tph are taken from the bins on a 48-in. belt con- 
veyor system to two Baum-type jigs. Primary 
cleaning in the two jigs is followed by cleaning of 
the middling product in a smaller Baum-type jig. 
Fine coal is cleaned in a flotation unit. Quality con- 
trol is supervised by a coal preparation engineer, 
assisted by a sampler and chemist. 

A 40.000-ton stockpile facility is provided to as- 
sure uninterrupted operation of the washing plant 
and mines during periods of railroad car shortages. 
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SCALE OF MILES 


Chihuahua, Mexico 


during the time of the Spaniards, 
the Namiquipa silver-lead-zinc mines in Chi- 
huahua, Mexico, remained idle until 1916, when 
mining claims were first denounced. About 1922 
a Japanese company, the Santo Domingo Mining Co., 
was formed to mine the oxide silver ore. The com- 
pany built a 75-tpd cyanide plant and mined in 
the area for a number of years. Because of an er- 
ror in surveying in one of the company’s mines 
situated in another district, mining was carried over 
into a claim owned by General Marcel Caraveo, at 
that time governor of Chihuahua. Santo Domingo 
Mining Co. lost the resulting lawsuit and conse- 
quently had no capital to continue operating at 
Namiquipa. 

Later, Ray Brown and Eugenio Caballero formed 
a company to operate the mine, shipping crude ore 
to the American Smelting and Refining Co. smelter 
at Avalos, Chihuahua. The cyanide plant was 
changed to flotation with a capacity of 75 tons per 
24 hr. In 1936 the property was again closed owing 
to labor trouble, a drop in the price of silver, and 
increased water in the mine. 

In all these operations, mining was confined to 
the rich oxide-silver zone, as the presence of zinc 
presented problems in mining the sulfide ore. H. C. 
Dudley and W. N. Fink had long realized the exist- 
ence of large bodies of sulfide ore below the rela- 
tively shallow workings of former operators; they 
also inferred that mineralized areas existed to the 
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south of those previousely explored. During 1946 
and 1947 they directed a vigorous exploration cam- 
paign by diamond drilling both under the known ore 
zones and south of them. A new large orebody was 
found in virgin ground, and extensive lenses of sul- 
fide ore were probed below the old workings. A 
modern milling plant capable of treating 500 tpd was 
started in March 1948, and actual milling began in 
September of the same year. 

The nearest rail terminal and shipping point is 
Tejolocachic, Chihuahua, 43 miles southwest, to 
which a graded, all-weather road was built. The 
surrounding country is not desert as might be ex- 
pected—the plains are dry-farmed for oats, corn, 
and beans, and the hills are good range for cattle. 

Properties: The Cia. Minera Venturosa, S. A., 
formed by H. C. Dudley of Duluth, took leases with 
options to purchase the diversely owned mining 
claims located over the principal Namiquipa veins. 
The area was enlarged by new denouncements, and 
at the end of the exploration program in 1947 the 
mineral rights on 850 hectares (2100 acres) were 
owned or leased. In 1949 options were exercised to 
purchase the leased mineral claims, with the excep- 
tion of the Princesa claim comprising 20 hectares 
(50 acres). By negotiations started in 1947, Cia. 
Minera Venturosa finally obtained surface rights to 
some 265 hectares (655 acres), including rights to 
the mill and surface plants. 

Geology: The mines are at an elevation of about 
6100 ft on the west flank of a prominent hill in the 
center of the wide Santa Maria River valley. To 
the west, about 12 miles across the rolling valley, 
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the Babicora Mts. rise to a height of more than 
8000 ft. To the east, at an equal distance, rises the 
south flank of the Sierra de las Tunas. South and 
east of the mine relatively recent andesite and rhy- 
olite flows form low, rugged escarpments with wide 
valleys between. 

The ore was found in steeply dipping quartz veins 
within andesite lava flows of Tertiary Age. The 
host rock is a hard, gray andesite flow of consider- 
able thickness. The flow has been gently arched, 
and veins were usually found along the west limb 
of the arch. The particular andesite bed that served 
as host rock for the ore deposition is markedly dif- 
ferent from the other andesite in the region in that 
it is much altered, having an increased silica _con- 
tent and containing pyrite in the form of fine crys- 
tals, well disseminated throughout the bed. On the 
surface the flow weathers to reddish gray or pink, 
tinged with violet that is probably due to the in- 
creased pyrite in and around the veins and to the 
large quantity of fluorite that occurs within the vein 
filling and adjacent to it. Erosion of the andesite 
bed has been greater over the veins than in the more 
siliceous part of the flow along the axis of the arch. 
This is also probably due to the greater abundance 
of pyrite there, which has caused more active chem- 
ical action during the weathering process. 

The favorable andesite is overlain by more re- 
cent andesites and rhyolites and at the mine dips 
about 20° SW. At the south end of the mined zone 
the dip increases sharply to about 60°. There the bed 
is covered by a soft, clay-like andesite tuff or ash, 
often of a marked red color. The tuff bed is almost 
completely impervious to water and is at least 500 
ft thick at the southwest end of the property. 

The six principal veins of the area all strike about 
N 20° E at the north end of the property, but at the 
south end they fan out so that the easternmost veins 
have a strike of N 20° W. Dips near surface are 
fairly constant and vary from vertical 70°; when de- 
parting from the vertical, the most westerly vein 
dips to the east, and the veins east of that dip to the 
west. Usually the dips of the veins steepen with 
depth, until at 250 meters (about 800 ft) below the 
surface they are all nearly vertical. 


Conversions 


1 meter = 3.281 ft 

1 liter = 0.264 gal 

1 hectare = 2.471 acres 

1 metric ton = 1.102 short tons 


Vein fillings are essentially quartz replacements of 
breccia-filled fissures in the andesite. The largest 
vein, the Venturosa, shows evidence of several ages 
of mineralization, each with its distinct type of min- 
eral. The chief vein constituents in the sulfide or 
oxidized zone are quartz, sphalerite, galena, pyrite, 
fluorite, and chalcopyrite with silver minerals and 
minor gold. Chalcedony is also present in many 
places. 

The veins are oxidized to about 100 meters (about 
325 ft) below the surface. In the oxidized zone the 
lead and zinc minerals have been leached and the 
vugs resulting remain open or contain minor limon- 
ite, as a residual constituent resulting from oxida- 
tion of pyrite and sphalerite. The lead minerals are 
cerrusite and, rarely, anglesite or wulfenite. In- 
creased quantities of barite are found near the sur- 
face where the silver minerals are native silver and 
cerargyrite. 

The veins show distinct zones of silver and lead 
enrichment at or near the base of oxidation. A 
second broad zone of silver enrichment is found 
higher up at about 50 meters (165 ft) below the 
surface. In general the transition between oxides 
and sulfides takes place within several feet; how- 
ever, the base of oxidation is very irregular, many 
tongues of oxide extending tens of feet into the sul- 
fide zone. As would be expected, the richer, more 
open vein areas generally show greater depth of oxi- 
dation. 

Outcrops of the veins are obscure and no gossans 
as such are evident. The large halo of discolored 
rock surrounding the area where the veins occur 
is a diagnostic feature of major consequence and one 
found in many western Sierra Madre camps that 
have yielded important ores. 


Important ore reserves were 
found with the first 28 dia- 
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At the surface and in the completely oxidized 
zone of the veins the color of the residual limonite 
and the nature of the vugs or box works left by 
leaching give a clue to the amount of lead and zinc 
in the original veins before alteration. In general, 
limonite resulting from oxidation of galena is or- 
ange, whereas that resulting from sphalerite is more 
often tan or brown. The limonitic oxidation product 
of pyrite is nearly always brick red, but occasionally 
bright red. The term limonite is used to designate 
undistinguished iron oxides. 

Several normal faults cut the veins at nearly 
right angles, but their displacement is not great. In 
these faults the south walls have invariably dropped 
relative to those on the north. Dikes are small and 
few in number. 

At the south the ore in the vein system is be- 
lieved to have been localized by the extensive ande- 
site tuff bed, which is almost impervious to solutions 
and is not competent, mechanically, to support vein 
openings; thus the evidence supports the view that 
the tuff bed acted as a solution trap. Veins have 
nowhere been traced into the tuff zone more than a 
few feet before being lost. At the north end the ore 
zone is shallow, suggesting that the favorable ande- 
site bed has been eroded to its base there, as dis- 
closed in diamond drillholes. 

Diamond Drilling: During 1946 and 1947, 28 sur- 
face holes were drilled. Important sulfide orebodies 
were proved below the original mined area, and 
much larger oxide and sulfide orebodies were dis- 
covered to the south of the former workings. Dia- 
mond drilling was continued underground and on 
surface throughout the life of the mine, a total 
23,413 ft of drilling in 46 surface holes and 6548 ft 
in 26 underground holes. 

Shaft Sinking and Development: A _four- 
compartment vertical shaft was started in August 
1947, so that the newly found deep orebodies could 
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be rapidly and economically mined. A temporary 
wooden head frame was erected and 60 ft of shaft 
was sunk through the surface wash. The shaft was 
cemented to a depth of 48 ft. Sinking continued 
rapidly to a depth of about 90 meters or 295 ft, where 
ground water in quantity forced many delays. A 
Riddell shaft mucking machine proved to be of 
great value in the extremely wet shaft. 

Large stations were cut on the 100, 150, and 200- 
meter levels (approximately 325, 500, and 750-ft 
leads) and the shaft was sunk to a depth of 209 
meters (686 ft) by the end of 1948. In 1951 the 
shaft was completed to a final depth of 265 meters 
(870 ft) and a station was cut on the 250-meter 
level. Large pump stations and sumps were cut 
on each level and crosscuts were driven to the veins. 
On July 17, 1948, the crosscut on the 100-meter 
level from the General shaft reached the Venturosa 
vein. Ore was first hoisted the following day and 
was stockpiled on surface until the mill began oper- 
ating in September. 

Orderly developrment in the mine was hindered 
throughout the life of the mine by the extremely 
large flows of water in the lower levels, because, 
to hold down the pumping cost, not too much 
ground could be opened ahead of actual mining. An 
extensive system of water doors was installed to 
control the water flow, but there were still delays. 

Some six miles of underground workings were 
driven and an additional four miles of old work- 
ings reopened and retimbered. 

Mining Methods and Development: The two prin- 
cipal veins at Namiquipa averaged more than 2 
meters (6% ft) in width, although in places great- 
er widths were attained. The steep dips and the 
very solid hanging walls and footwalls of the veins 
made shrinkage stoping the ideal mining method. In 
the lower grade portions of the veins pillars of ore 
were left above the levels between stopes and chutes. 
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Where the veins were high grade, stoping opera- 
tions were carried from the drift level. Drift sets 
of native round timber were used as support under 
the stopes. Chutes were placed at 44%-meter (15- 
ft) intervals. 

Ore mining was hampered by large lenses of un- 
altered andesite found in the vein. These were 
probably rock-horses broken from the walls but 
not completely altered by ore-bearing solutions. As 
no ore sorting could be done, these rock-horses were 
either mined or left as pillars, depending on condi- 
tions. Ore in stopes was broken with pneumatic 
stopers. Production averaged 20 tons per machine 
shift during the life of the mine. In the widest part 
of the main vein experimental blastholes were dia- 
mond-drilled and blasted as the ore was needed. 
More than 10,000 tons of ore were broken in the ex- 
periment. 

Since 1948 a total of 736,756 dry metric tons 
(820,000 short tons) of ore was produced, con- 
taining some 330 metric tons (367 short tons) of 
silver, 25,000 metric tons (28,000 short tons) of lead 
and 37,000 metric tons (41,000 short tons) of zinc, as 
summarized in accompanying tables. Gold produc- 
tion was less than 2200 lb. No accurate production 
figures prior to 1948 are available, but stoped areas 
and tailings piles on surface indicate that earlier 
production had probably been about 150,000 tons, 
making the total production from the property 
some 900,000 metric tons (1 million short tons). 

The total of 736,756 metric tons (820,000 short 
tons) of ore milled since 1948 compares with the 
estimate of 800,000 tons indicated by diamond drill- 
ing only, an estimate made prior to the start of un- 
derground development. High taxes and rapidly 
increasing pumping costs prevented any considera- 
tion of sinking one or two more levels, from which 
it was believed additional ore might have been 
mined, low in silver and lead, but higher in zinc. 


Water: Some water in the mine had been ex- 
pected, but nothing like the flow that increased to 
4500 gpm, averaging 4200 gpm when the bottom 
levels were abandoned in 1955. Direct pumping cost 
since the start of operations was $1.2 million in 
U. S. currency, an average of $14,390 per month, or 
$1.62 per ton milled. It is estimated that indirect 
costs incurred because of excessive water under- 
ground added at least an equal amount for such 
items as lowered efficiency of the crews working 
under adverse conditions; delays in exploration and 
development work; greatly increased cost of repairs 
and maintenance of the motors, cars, drills, and 
other equipment used underground; rubber cloth- 
ing and boots for the miners; and probably of most 
importance, large investment in additional diesel 
engines and pumps to handle the water. More than 
two thirds of the diesel units were installed be- 
cause of the great flow of water. During the life of 
the operation probably 13 billion gal of water were 
pumped, an average of 88 tons of water for each ton 
of ore hoisted. 

The most serious stoppage of underground oper- 
ations because of water occured July 9, 1954, when 
a lightning bolt burned out the cable in the shaft 
and paralyzed pumping for several hours. The 
250-meter level flooded and remained under water 
for more than a month. More than two months 
were required to restore normal mining conditions, 
and production was severely restricted during July, 
August, and part of September. 

Milling: On March 1, 1948, ground was broken 
for a modern flotation mill, and on September 18th 
the crushing plant began to operate on oxide ore. 
Operation of the oxide section of the mill started 
September 28th and operation of the sulfide sec- 
tion November 24th. 

A complete metallurgical and assay laboratory 
was installed in the mill office building. Metallur- 
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Built in 1948, the modern 500-tpd flotation plant incorporated both sulfide and oxide sections. Separation of the two ore types 
continued from the divided bin throughout the plant to final concentrate thickening section. Plant production was about 10 
million oz Ag, 55 million Ib Pb, and 81 million lb Zn. Primary metallurgical problems in operation involved maintaining ade- 


quately high zinc concentrate grade, as well as preventing zinc losses into the lead concentrate 
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Metallurgical Results of the Venturosa Operation 


Oxide Section 


Dry Metric Tons 


Ag, Grams 


Assays 


Distribution 
Pb, Pet Pb 


Zn, Pet Zn 


Heads 
Lead concentrate 
Tailing 


214,127.00 
14,837.97 
199,289.03 


Sulfide Section 


Heads 522,629.00 100.00 401 
Lead concentrate 31,863.37 6.10 4752 
Zinc concentrate 46,117.91 8.82 447 
Tailing 444,647.72 85.08 85 


2.59 
24.10 
0.99 


3.76 7.07 100.00 100.00 100.00 
49.45 14.17 72.20 80.11 12.23 
1.87 52.25 9.83 4.39 65.23 
0.68 1.87 17.97 15.50 22.54 


1947 


Main shaft 
Drifting 
Crosscutting 

Raises and winzes 
Pump stations 
Ventillation shaft 
North shaft sinking 
American shaft sinking 
Total meters 


65.5 


56.7 
1227.8 436.5 541.7 517.7 311.7 247.2 
179.0 544.0 236.0 48.4 40.9 
63.5 113.2 219.4 95.8 120.0 
41.5 4.0 
11.8 39.8 
23.0 18.0 
1460.1 63.5 466.4 


Distribution of Power Plant Load, 1948 Through 1955 


Mine Pumps Compressed Air Mine General Mill General Service and Light 

Total 
Kilewatt Hours Kilowatt Percent Kilowatt Percent Kilowatt Percent Kilowatt Percent Kilewatt Percent 
Produced Hours of Total Hours of Total Hours of Total Hours of Total Hours of Total 


1955 8,988,380 5,573,189 62.00 712,353 7 
1954 17,037,220 12,061,213 70.79 769,919 4 
1953 17,958,870 11,984,567 66.73 1,204,230 6 
1952 17,438,770 11,083,460 63.56 1,540,524 8 
1951 15,692,410 9,448,633 60.21 1,721,545 10. 
1950 11,715,350 6,011,757 51.32 1,789,860 15, 
1949 7,963,797 3,071,057 38.57 1,669,415 20 
1948 646,637 116,386 18.00 270,341 41 


188,089 2.09 2,168,559 24.13 346,190 3.85 
323,440 1.90 3,391,440 19.91 491,208 2.88 
323,293 1.80 3,959,272 22.05 487,508 2.71 
380,296 2.18 3,965 308 22.74 469,182 2.69 
296,056 1.89 3,669,914 23.39 556,262 3.54 
321,795 2.75 3,067 598 26.18 524,340 4.47 
4.32 2,576,909 32.36 302,088 3.79 
91,695 14.18 145,351 22.48 864 3.53 


gical testing units of 2000 and 500-g capacity were 
used. Laboratory pressure filters, a test ball mill 
capable of grinding 2000-g samples, and testing 
sieves completed the equipment. Samples were 
prepared first in a small crusher and then in a 
Braun pulverizer. 

Crushing Section: Ore from the mine was hoisted 
in cars and dumped in a bin divided into two parts, 
one for the sulfide and the other for oxide ores. 
From the bin the ore was fed by apron feeders to 
the primary crusher, where it was crushed to about 
2% in. It then fell to an inclined conveyor that 
discharged it to a vibrating screen. The mesh of the 
wire screen governed the size of ball mill feed, the 
undersize falling to a conveyor belt going to the 
fine ore bins and the oversize into a chute to the 
secondary crusher. The product of this crusher was 
returned to the conveyor handling the product of 
the primary crusher so that it, again, passed over 
the same vibrating screen. A metric weightometer 
on the conveyor belt weighed the crushed ore on 
its way from the crushing plant to the fine ore bins. 

Grinding Section: Three ball mills were used reg- 
ularly—a No. 75 Marcy mill and two Allis-Chalmers 
mills, one 6-in. diam and 5 in. long and the other 
6-in. diam and 7 in. long. Each mill operated in a 
closed circuit with its classifier—a Western Machin- 
ery Co. spiral classifier for the No. 1 and No. 2 mills; 
a Dorr model D for the No. 3 mill; and a Dorr bowl 
classifier, type DSFB, for the small spare No. 4 mill. 
At times more than 500 tpd were milled. 

Flotation Section: Flotation equipment in the ox- 
ide section consisted of a 6x6-in. conditioner, a 10- 
cell flotation machine for roughing, and two cells 
of the same type for cleaning. Flotation equipment 


for sulfide ore consisted of two 10-cell machines for 
lead and two 12-cell machines of the same size and 
type for zinc. There was also a 2-cell machine for 
zinc recleaning and six concrete tanks, equipped 
with agitating mechanisms, for dissolving flotation 
reagents. 

Thickening and Filtering: There were two thick- 
eners, 40 ft diam and 10 ft high, one for lead 
concentrate from both oxide and sulfide sections 
and the other for zinc concentrate. Pulp was sent 
from thickeners to filters by a diaphragm pump. 
Filtered concentrates fell to conveyor belts, which 
transported them to their respective bins. 

Metallurgy: The Venturosa tonnage of ore yielded 
in recoverable contents 10,609,700 oz of silver, 55,- 
611,500 lb of lead, and 81,428,600 lb of zinc. 

The lead collector that gave consistently good 
results was Aero-float reagent No. 242, which had 
to be added in extremely small amounts to avoid 
floating the sphalerite. It was found that adding 
more than 0.25 lb of cyanide per ton depressed sil- 
ver, the most valuable constituent of the ore. 

The two chief metallurgical problems were to 
obtain a zinc concentrate of salable grade and pre- 
vent loss of zinc values in the lead concentrate. 
Apart from the loss of zinc into the lead concen- 
trate there was the further problem of the zinc 
feed being so impoverished in zinc and the zinc be- 
ing so strongly depressed that it became difficult to 
achieve good results in the zinc section. To a con- 
siderable degree these difficulties were overcome by 
crowding the froth in the cleaners. 

Power: Earlier operators at Namiquipa used 
wood-burning steam turbine plants to generate 
electric power. The Venturosa Co. installed two 
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Sulfide Production, 1948 Through 1955 


Contents in Metric Tons 


88 


Oxide Production, 1948 Through 1955 


Centents in 
Metric Tons 


40,547 
214,127 


x) 


Combined Oxide and Sulfide Production, 


1948 Through Aug. 31, 1955 


Total 
Metric Average Grades 


Tons Ag, Pb, Zn, 


Contents in Metric Tons 


Milled Grams Pct Pet Ag 


2358 


67,139 
Total 736,756 
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Reagents Used in Oxide Section 


Average Pounds 


Reagent Per Ton 


Sodium sulfide 
Sodium sulfide 
Z-6 xanthate 
Aerofloat No. 404 
Aerofloat No. 242 
Aerofioat No. 208 
Pine oil 

Frother 


Fed At: 


Ball mill 

Rougher cells 
Flotation feed 
Flotation feed 
Flotation feed 
Flotation feed 
Flotation feed 
Flotation feed 


Average Pounds 


Reagent Per Ton 


Zinc sulfate 
Sodium cyanide 
Aerofloat 242 
Frother B-23 


Copper sulfate 
Sodium Aerofloat ‘B’ 
Hydrated lime 

Z-3 xanthate 
Frother 

Sodium cyanide 


Ball mill 
Ball mill 
Flotation feed 
Flotation feed 


Flotation feed 
Flotation feed 
Flotation feed 
Flotation feed 
Flotation feed 
Zinc recleaner 
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CIA. MINERA ‘VENTUROSA’, S.A. 
MONTHLY PRODUCTION FROM THE MINE 
1948-1955 


METRIC TONS 


METAL PRICES 1947- 1955 
SILVER (FOREIGN) 


LEAD(MONTERREY) 


if 
aid 


Vv (EAST ST.LOUIS); 
1947 | 1948 ] 1949 | 1950 ] 1951 | 1952 | 1953 | 19541955 


8 


SILVER CENTS PER TROY OUNCE 


CENTS PER POUND LEAD AND ZINC 


small diesel engines in 1947. By 1955 there were 
nine diesel engines of various sizes with a total 
rated 8266 brake-horsepower. Power generated at 
2300 v, 60 cycles, was distributed by overhead lines 
to the mine, mill, shops, and dwellings, where the 
voltage was reduced. An underground three- 
conductor electric cable laid between the power 
plant and the mine transformer station could be 
used independently or in conjunction with overhead 
lines. 

A tank farm with a capacity of more than a mil- 
lion liters of fuel oil was erected at Namiquipa. Fuel 
oil was transported in a fleet of tank trucks running 
between the railroad siding at Tejolocachic and the 
mine. Some 15,000 liters (about 4000 gal) of oil 
were burned in an average day’s operation. 

Costs and Taxes: From the time the Venturosa 
Co. started development the conditions under which 
the Mexican mining industry operated grew pro- 
gressively worse, owing to successive devaluations 
in the peso and a greatly increased burden of taxa- 
tion of all kinds. When the operation started the 
exchange rate was 4.85 pesos to one U. S. dollar. At 
the close of the operation it was 12.50 pesos to one 
U. S. dollar. Any expected advantage in a cheaper 
peso was more than offset by increases in taxes, 
wage scales, and prices of materials bought in Mex- 
ico. 

During that same period an ad valorem export 
tax was imposed that applied to all metals pro- 
duced by the company. The initial rate, about 
15.3 pet, was later raised to 25.5 pct on silver, 
28.05 pct on lead, and 28.305 pct on zine. Produc- 
tion tax rates were also automatically increased as 
a result of each devaluation of the peso, as such tax 
rates are based on the Mexican currency equivalent 
of the U. S. price. These production and export 
taxes, the heaviest of the tax burdens imposed on 
the mining industry, were based on gross income 
and therefore payable whether or not the producer 
realized a profit. At the time the Venturosa Co. 
ceased operating in 1955, these taxes alone took 35 
pet of the gross value of the silver produced, 30 
pet of the lead, and 13.5 pct of the zinc value. Any 


Ag, Pb, Zn, wil 
Year Tons Grams Pet Pet Ag Pb Zn 
1948 5,346 1,079 76 5.768 516 f GY 
1949 62,151 541 21 33.624 3,252 4,000} Ag 
1950 82,209 562 22 46.201 3,64 PRODUCTION 
1951 89,105 394 73 35.107 2,601 4 y N 
1952 91,021 317 22 28.854 3,518 ° 
1953 89,245 359 63 32.039 3,086 8} 1949 | 1950 | 1951 1952 | 1953 1954 /1955 
; 1954 76,960 309 82 23.781 2,347 
1955 26,592 163 41 4.335 702 
. Total 522,629 401 .07 209.709 19,669 
20 
Ag, Lead, 
Year Tons Grams Pet Ag Pb 
1948 6,468 624 74 4.036 
1949 21,119 791 50 16.705 
1950 29,682 947 23 28.109 INC 
1951 38,306 661 57 25.320 
f 1952 36,963 581 50 21.476 r 
1953 27,909 376 09 10.494 
1954 13,133 301 75 3.953 ; 
1955 280 20 11.353 
Total || 567 59 121.446 
Year - = Zn 
1948 11,814 830 6.42 5.78 682.5 
1949 83,270 604 4.79 6.13 5,101.7 | 
j 1950 111,891 664 4.11 6.04 6,754.3 
1951 127,411 474 2 5,997.8 
* 1952 127,984 394 3 6,571.3 
1953 117,154 363 3. 5,913.5 
1954 90,093 308 3. 4,480.7 
‘ Through 
Aug. 31 
214 1 2.14 15.7 1,437.7 
0.808 
0.100 
0.245 4 
0.285 
0.007 
0.116 F 
0.005 
0.024 
Reagents Used in Sulfide Section 
Fed At: 
Lead 
1.042 
0.257 
0.076 
0.010 
4 Zine 
1.488 
; 0.111 
0.742 
0.079 
0.034 
0.111 
; 


age stoping, averaging more than 6 ft wide. In this stope 
view ore is being drilled with stopers working off the muck 
pile. 


profit remaining after the payment of these taxes on 
gross income and operating expenses was then sub- 
ject to the regular income, dividend, and excess 
profit taxes, which also increased substantially dur- 
ing this period. The regular income tax was in- 
creased to a top bracket of 39 pct on all profits 
higher than the equivalent of $160,000 in U. S. cur- 
rency. All profits exceeding 15 pct of invested cap- 
ital were made subject to an excess profits tax, at 
rates up to 25 pct on profits higher than 50 pct of 
invested capital, and were also subject to certain 
limitations recently enacted. The so-called dividend 
tax, or the tax on distributable profits, was increased 
from 10 to 15 pet. 

The effect of such combined taxes, particularly 
those on gross income, may be seen from the follow- 
ing figures. From the start of operations in 1948 to 
the end of 1955 the company’s profit before all taxes 
amounted to $4,652,853.63 in U. S. currency, includ- 
ing the very generous subsidies of $893,446.57. After 
the total net taxes of $4,514,556.98, the company’s 
net income for the period was $138,296.65. 

The steadily improving domestic economy of Mex- 
ico appears to be of such importance to the rising 
total tax yield that the Government probably will 
be able to lighten substantially the burden of taxa- 
tion on the mining industry. Some steps in that di- 
rection have already been taken. 

Because of the difficult physical operating con- 
ditions and the tax situation, continuous and con- 
certed efforts were made to control all operating 
costs. 


Battery locomotives were used for haulage on all levels, 
pulling side-dump cars of about 2-ton capacity. Mechanical 
loading was used wherever possible. 


Costs in U. S. Currency Per Metric Ton Milled, 1948 Through 1954 


Total 
Costs Before 
Depreciation, 
Exchange Ad- 

justments, and 
Income Taxes, 


Cests Other 
Than Pumping, $ 


Direct 
Pumping Costs, $ 


1 
1 


Tons Per Man Shift: The overall effectiveness of 
the operation can be appreciated from the fact that 
an average of 0.95 tons was milled per manshift 
worked both on surface and underground during the 
period from 1951 to 1955, outstanding for a Mexican 
operation of this type of mine. 

Despite mining difficulties and high taxation, the 
cost of opening and equipping the property—some 
$1.85 million—was repaid with interest of approxi- 
mately $300,000. Upon final liquidation further dis- 
tribution is expected. 

About 400 men were employed by Cia. Minera 
Venturosa, S. A., at Namiquipa when operations 
were in full swing. Large land areas were irrigated 
by water from the mine. Good miners were devel- 
oped from among the people of the countryside. 
Miners, mechanics, accountants, mine surveyors, and 
engineers were trained, and this in itself was an 
important contribution to the economy of the area. 
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| 
1948 | 0.68 12.21 
1949 1.31 11.83 
1950 1.11 10.83 
1951 1.64 10.73 
1952 2.00 10.88 
1953 1.66 9.61 
1954 2.22 9.92 


1098—MINING ENGINEERING, OCTOBER 1957 


4 : 


Mining Methods 
at 
Pine Creek Mine 


by H. L. McKinley and L. A. Wright 


INE Creek mine of Union Carbide Nuclear Co. 

is some 23 miles northwest of Bishop, Calif., in 
the Sierra Nevada Mts. Office and mill are 7800 ft 
above sea level, the 1500 level portal is at 9300 ft, 
the A level portal at 10,800 ft, and the 3050 portal 
at 11,500 ft. 

Original claims were located in 1916, and the mine 
worked intermittently until 1936, when it was pur- 
chased by Union Carbide Corp. Since then the 
property has been operated continuously, except for 
two brief periods when operations were suspended 
because of manpower shortages. Mine production 
through 1956 amounted to 2,792,425 dry tons of ore. 

The orebody of Pine Creek mine is a contact- 
metamorphic zone between quartz-monzonite and 
limestone. The limestone has been altered to a tac- 
tite, in which the ore minerals occur. The main ore 
mineral is scheelite, which is finely disseminated 
throughout the tactite. Molybdenite, chalcopyrite, 
and bornite are present in the tactite as small 
stringers and are occasionally disseminated. 

The contact zone dips vertically, and rock alter- 
ation has produced a hard, dense area suited to the 
open stope method, so there has been no caving 
of stope walls. 

Since the ore shoots are dispersed along the 
contact zone and vary in horizontal and vertical 
dimensions, developing and prospecting the ore 
shoots entails considerable waste work and dupli- 
cation of development excavations. 

The system of mining in use can be described 
as sublevel blasthole stoping. This method, which 
is adapted to the ore shoots that are 20 ft wide or 
more, produces most of the tonnage. For ore shoots 
less than 20 ft wide conventional shrink stoping 
is employed. In general, development and prepara- 
tion excavations produce 32 pct of the tonnage 
broken, blasthole mining produces 62 pct, and 
shrink stoping 6 pct. 


H. L. McKINLEY is General Manager and L. A. WRIGHT is 
Mine Superintendent, Union Carbide Nuclear Co., Bishop, Calif. 


Mine Development: A 7000-ft haulage tunnel 
9430 ft above sea level is the main entry to Pine 
Creek mine. Most of its length is in granite. All 
mining activities are conducted above this elevation 
and the broken ore is transferred to this level by 
gravity. The tunnel is 9x12 ft in cross section, the 
extra width allowing for a water ditch that drains 
the mine areas at a rate of 4000 gpm. Two 13-ton 
trolley-electric locomotives on 250-v dc power 
haul all materials, ore, and men through this tunnel, 
traveling on track of 36-in. gage over an average 
grade of 0.6 pct. Power is supplied by two 75-kw 
motor-generator sets, one at each end of the line. 

The rotary dump ore cars, of 185-ft capacity, av- 
erage 11 tons per car and there are eight cars in a 
train. Men are transported in locally constructed 
man cars, and materials are transported on conven- 
tional flat cars. Production figures for ore haulage 
are as follows: tons per direct labor shift, 140; 
percent of direct labor hours to total mine labor 
hours, 8.6 pet; material cost per ton, 12 pct; labor 50 
pet; and expense items 38 pct. 

A 1585-ft vertical raise with two 6x6-ft com- 
partments affords access to the working areas 
above.’ The main hoist at the bottom of the raise 
is a single-drum hoist powered by a 125-ac motor. 
Installed in one of the raise compartments is a two- 
deck cage, built partly of aluminum, which carries 18 
men. One-inch 6x19 hoisting cable is used. 

Extending 800 to 2200 ft along the contact zone 
from the main service raise, there are five working 
levels spaced on 200-ft intervals and two working 
levels spaced on 250-ft intervals. Working levels, 
locally called main levels, consist of track drift 
8x8 ft or 9x9 ft in cross section, with 18-in. track 
gage. The Granby-type ore or waste cars, of 85-cu 
ft capacity, are driven by 3-ton battery locomotives. 

Main level drifts are driven at a rate of 3800 ft 
per year, with two or more levels advanced concur- 
rently on a single or double shift basis. At each 
drift face a two-man crew mucks out, drills, and 
blasts a 5 to 7-ft round each shift. Drilling is carried 
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out with two 3%-in. Leyners, using 1%-in. round 
steel with 15¢-in. detachable tungsten carbide bits. 
The Leyners are mounted on a two-boom drill 
jumbo, the booms actuated by compressed air. Eimco 
21 mucking machines muck into the Granby cars. 
Car-pass stations, located at 200-ft intervals, are 
later used as diamond drill stations. 

About 44 holes are needed to break a 9x9 cross 
section using 22 lb of 45 pct powder per ft. Advance 
per direct labor shift averages 1.45 ft, direct labor 
hours amounting to 16.4 pct of total mine labor 
hours. According to a cost breakdown per foot, ma- 
terial is 29 pct, labor 40 pct, and expenses 31 pct. 

Main level drifts are driven for two primary 
purposes, for prospecting and for access to orebodies. 
These drifts are driven parallel to the contact zone 
and 40 to 60 ft away from it, usually in granite. 
This location of the drift permits periodic drilling 
during drift progress to prospect the contact zone 
and will eventually permit extraction of ore left in 
the main levei pillars without destroying the main 
level drift. 

All diamond drillholes are AX size, and core re- 
coveries exceed 95 pct. The geology and engineer- 
ing departments control the location, direction, and 
spacing of the coreholes and are responsible for 
logging and sampling the cores. The first program 
of drilling uses a wide spacing of holes, generally 
100 to 150 ft apart, to locate the contact zone 
and determine the presence or absence of ore. If 
ore is encountered, the second drilling program 
spaces holes 50 to 75 ft apart to delineate the ore in 
horizontial and vertical dimensions and to determine 
ore grade. Closer spacing of drillholes may or may 
not be required to delineate critical areas or to 
sample the ore for grade determinations in border- 
line ore shoots. There is no additional sampling of 
the orebodies. 

The orebodies thus defined by diamond drilling 
from the main level drifts are assigned a block num- 
ber and the entire development of the block is 
planned before work begins. Block development 
then proceeds from the main level drifts by cross- 
cutting to the ore zone. 

Block Development: Two units of the block devel- 
opment are usually started and advanced concur- 
rently—the service raise and the scraper drift or 
grizzly. 

Service raises are usually driven vertically and 
are located on the edge of the ore and in the center 
longitudinally of the block. The raises are tim- 
bered with four post sets that are one compartment 
of 5x5-ft size. Rock excavation is 7x11 ft, so that 
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Two techniques have been used for 
blasthole stoping—sublevel drifts and 
undercuts with vertical drilling. Al- 
though not fully evaluated, it appears 
that cost per ton will be about the 
same for the two methods, but that 
undercutting, shown here, will offer 
greater flexibility and better results. 
Disadvantages of undercutting  in- 
clude added development time and 
added time to clean up the sill. Ad- 
vantages include good fragmentation, 
reduction in core drilling for explora- 
tion ahead of mining, and some se- 
lectivity in mining. 


the muck compartment of the raise is composed of 
lagging applied to the timber sets on one side and the 
bare rock on three sides. A two-man crew works at 
the face of the raise, one man operating the tugger 
hoist from the bottom. A timber boat is installed 
(and operated by the tugger hoist) which operates 
through the raise on lagging acting as a slide. Drill- 
ing equipment consists of two 3%-in. stopers, using 
l-in. Hex steel with 1 %-in. detachable tungsten 
carbide bits. 

The two-man crew timbers and sets up the stop- 
ers on one shift and drills, tears down, and blasts a 
5%-ft round the next shift. About 55 holes are 
needed to break the 7x11-ft cross section, requiring 
24 lb of 45 pct powder per ft. Advance per direct 
labor shift averages 0.65 ft, direct labor hours aver- 
aging 7.1 pct of total mine labor hours. The four 
post timber sets and related timber cost $13 per ft 
—25 pct for materials, 44 pct for labor, and 31 pct 
for expense items. 

Scraper drifts are generally used for ore disposal; 
a system of grizzlies is employed only in isolated lo- 
cations or in irregularly shaped orebodies where a 
straight scraper drift cannot be adapted. Both the 
scraper drift and the grizzly system discharge the 
ore into open stopes or into chutes for car haulage. 

The scraper drifts are 9x9 ft in cross section, with 
maximum scraping distance of 100 ft. At 25-ft 
center-to-center spacing, a 7x7-ft side set is driven 
at right angles to each scraper drift. From these 
side sets 7x7-ft untimbered raises are driven on 50° 
slopes to the desired limits and are connected at 
their maximum elevation, which is usually 25 ft 
above the back of the scraper drift. Rock between 
the connected raises in mined out (belled), produc- 
ing an inverted cone excavation above each side set, 
the base 20 to 25 ft in diam and the height 20 ft. 
This same type of excavation is done from the side 
sets leading to grizzly chambers. When the belling 
is completed the grizzly or scraper unit is ready for 
stoping. A 50-hp two-drum slusher is installed in 
the scraper drift, together with a 48-in. quarter box 
scraper. 

The scraper or grizzly drift, side sets, and cham- 
bers are driven by jackleg machines using Copco in- 
tegral alloy steel. The 3% in. stopers are used for 
untimbered raises and belling. Combined advance 
per direct labor shift is 1.37 ft, direct labor hours 
averaging 5.1 pct of total mine labor hours. Mater- 
ial accounts for 27 pct of the cost per foot, labor 
45 pct, and expense items 30 pct. 

To aid ventilation and to ease the supply problem, 
sublevel drifts are not driven from the service raise 
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Main entry to the property is provided 
by a 7000-ft tunnel that is largely 
driven through granite. The tunnel 
portal is more than 9000 ft above sea 
level. The 9x12-ft cross section pro- 
vides drainage for 4000 gpm, as well 
as accommodating the 13-ton trolley 
locomotives on 36-in. gage track. Two 
74-kw motor-generator sets supply 
250-v de power for haulage. Average 
grade is 0.6 pct. Men are transported 
in locally built cars and ore is moved 
in 185-cu ft rotary dump cars carry- 
ing an average of 11 tpd per car. 


until the raise is completed by holing into the next 
main level drift above. The sublevel drifts are 
driven from the service raise at vertical intervals of 
35 to 45 ft. The broken ore produced is discharged 
to the scraper drift belling by an ore pass raise. 
Sublevel drifts, 9x9 ft in cross section, are usually 
driven both ways from the centrally located ser- 
vice raise to the extremities of the orebody—a max- 
imum of 130 ft from the raise. 

The drifts are driven by jackleg machines and 
20-hp two-drum slushers with a 42-in. quarter 
box scraper. The two-man crew advances the face 
5 to 7 ft each shift. Average advance per direct 
labor shift is 0.95 ft, direct labor hours averaging 
7.9 pct of total mine labor hours. According to cost 
breakdown per foot, material is 19 pct, iabor 47 pct, 
and expense items 34 pct. 

Another method of blasthole development used 
instead of the sublevel drift is called an undercut, 
a local name applied to an excavation that is 9 ft 
high and excavated to the total width and length of 
the orebody. Spaced at the same vertical intervals 
as the sublevel drifts, undercuts are used for blast- 
hole stoping. Parallel vertical blastholes are drilled. 

Jackieg machines and 20-hp two-drum slushers 
are used in excavating undercuts. Average ad- 
vance per direct labor shift is 151 cu ft, direct labor 
hours averaging 12.8 pct of total mine labor hours. 
Material is 20 pct of the cost per cubic foot, labor 
47 pct, and expense items 33 pct. 

At present Union Carbide Nuclear Co. is experi- 
menting with an Air Trac type of machine in ex- 
cavating undercuts. The Air Trac is being used as a 
two-machine jumbo, with two 3%-in. Leyners 
mounted on a crossbar. A 20 pct reduction in un- 
dercutting costs should be possible. 

To speed block development work ore pass raises 
are located in the most advantageous positions with- 
in an ore block and are also used as slot raises in 
blasthole stoping. These raises are usually verti- 
cal, maximum length 40 ft, and are driven untim- 
bered. Drill staging is either removed or blasted 
out with each round, and a system of steel pins is 
driven into the ribs of the raise to aid access after 
each round. 

Ore pass raises are 7x7 ft in cross section and 
driven by 3%-in. stopers using 1-in. Hex steel with 
15g-in. detachable tungsten carbide bits. Average 
advance per direct labor shift is 1.70 ft, direct 
labor hours averaging 4.2 pct of total mine labor 
hours. Material is 23 pct of cost per foot, labor 45 
pet, and expense items 32 pct. 

Three ore pass raises have been excavated re- 


cently by drilling blastholes and blasting 5-ft sec- 
tions of the hole pattern. One of these raises was 
drilled in soft ground and had to be abandoned, but 
the other two were very successful. This method of 
driving untimbered raises will be expanded in the 
future. 

Intermediate haulage on main levels is required 
in a number of locations because the orebodies are 
dispersed. The 85-cu ft Granby cars are loaded by 
direct discharge from scraper drifts or by chutes 
from scraper drifts or grizzlies. Average tramming 
distance for this work has been 850 ft one way. 
Average production has been 47 tons per direct 
labor shift, direct labor hours averaging 21.5 pct of 
total mine labor hours. Material cost is 16 pct of 
the cost per ton, labor 49 pct, and expense items 35 
pet. 
Shrink Stope Mining: Shrink stoping in the Pine 
Creek mine is usually applied to the orebodies 
less than 20 ft wide and to the orebodies that are 
irregular in dip. Experience has shown that draw- 
ing ore from the stope at vertical distances of 90 
ft or more above the drawpoints creates pockets in 
the broken ore column, presenting a safety problem 
and making it very difficult to control the level of 
the broken ore at the mining face. 

Block development for shrink stopes consists of 
a scraper drift or a grizzly system and service 
raise. Service raise stations are at 25-ft intervals 
and are connected by untimbered raises, which are 
driven on the raise pillar line or on the limit of the 
ore shoot. Service to the shrink stope from the 
raise stations is through the untimbered raise, 
which is mined out as the stope back is mined. 

Actual mining of the stope back is done by hori- 
zontal cuts taken successively from one end of the 
stope toward the other end, with a vertical face on 
each cut of about 12 ft. Jackleg machines are used 
with integral steel. Average performance, including 
drawing the broken ore, is 30 tons per direct labor 
shift, direct labor hours averaging 2.2 pct of total 
mine labor hours. Material is 21 pct of cost per ton, 
labor 46 pct, and expense items 33 pct. 

Blasthole Mining: Blasthole mining is safe, flexi- 
ble, and inexpensive and is particularly suited to 
the physical character of the Pine Creek mine ore- 
bodies. Two types of blasthole mining are used— 
ring drilling and parallel vertical holes. 

Rings are drilled at right angles from sublevel 
drifts, which are driven parallel to the strike of the 
ore shoot. All rings have been either a 90° or a 180° 
pattern. The 90° pattern starts with a horizontal 
hole and the remaining holes are spaced downward 
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Orebodies are defined by diamond drilling from the main 
level drifts and are assigned a block number. Initial drilling 
with wide-spaced holes locates the contact zone, followed 
by closer drilling to define horizontal and vertical dimen- 
sions of any orebodies found. 


Direct Labor Hour and Cost Distribution 
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Exploration and mine development 
Block development 

Blasthole and shrink stoping 
Haulage (combined) 
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to a vertical hole. The 180° pattern starts with a 
horizontal hole and ends with a horizontal hole in 
the opposite direction, all other holes being spaced 
at proper intervals under the horizontal holes. All 
holes in either ring are drilled in a vertical plane, 
with rings spaced 5 ft apart. The burden between 
ends of successive holes varies from 6 to 8 ft. 

Ring drilling at Pine Creek mine has averaged 
1.3 tons broken per foot of hole, with a powder 
factor of 0.51 lb per ton. Although the operation 
has been successful, fragmentation has always been 
poor, which increases secondary breakage and 
reduces production, with resulting higher costs. 
In spite of a ten-year program of experimentation 
with ring patterns and blasting procedures, frag- 
mentation is still far from desirable. Moreover, the 
holes drilled in a ring pattern are fanned from the 
drill point in the sublevel drift so that the collars 
of the holes are only a few inches apart. This means 
that 35 pct or more of the total drill footage in 
each ring is nct used. 

Another big disadvantage of ring patterns in the 
Pine Creek mine is that the horizontal depth of any 
pattern cannot be expanded beyond the depth of 
the patterns drilled and blasted ahead to mine a 
bulge in the ore shoot walls. Detailed core drilling 
is also required on each sublevel to obtain the geolo- 
gical data necessary to design the ring pattern. 

When parallel vertical holes are drilled, the 
ore at each sublevel elevation is mined to the full 
width of the ore shoot, vertical height of the exca- 
vation being 9 to 10 ft. Parallel vertical holes are 
then drilled from this undercut. 

This method has averaged 2.2 tons broken per 
foot of hole, with a powder factor of 0.40 lb 
per ton. Holes are drilled in a staggered pattern 
similar to the patterns used in open pits and quar- 
ries. Fragmentation with this method has been very 
good, reducing secondary blasting and raising haul- 
age production. Parallel vertical drilling offers in- 
creased flexibility in mining oddly shaped ore shoots 
and bulges, reduces waste dilution and eliminates 
wasted drill footage, reduces drilling time for the 
blasthole drilling operation, and reduces core drill- 
ing. There are some disadvantages—more develop- 
ment time is needed for the undercut than for the 
sublevel drift, and additional time and labor are 
required in cleaning up the sill of the undercut to 
check the area for missed lifters. There has not been 
enough operating experience for complete evalu- 
ation of the undercutting—parallel hole method as 
compared with the ring drilling system. At present 
it appears that cost per ton will be about the same, 
but results will be much better. 

Undercutting also offers the possibility of major 
cost reduction in the immediate future and will per- 
mit the use of multiple machine jumbos in drilling 
blastholes. 

Blasthole drilling equipment consists of 4-in. per- 
cussion machines, using 4-ft sectional 1l-in. Hex 
steel and 24%4-in. tungsten carbide bits. Drill footage 
averages 110 ft per machine per shift; 66 ft per direct 
labor shift, including moving and setting up; and 
96 tons per direct labor shift. Direct labor hours 
average 8.9 pct of total labor hours. All blastholes 
are lined for their entire length with primer cord 
and the explosive is loaded to specified depths from a 
loading chart. 


Reference 
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N the past few years the mineral raw materials 
problem has risen from comparatively obscurity 
to great national significance. The transition has 
come so rapidly that the nature of the problem and 
what it portends have not yet been clearly defined. 
Consequently there are wide differences of opinion 
among the experts as to what can, or should be done 
to insure a continuing, adequate supply. On one 
hand, it is said that depletion of known domestic 
deposits and lagging discovery of new ones will 
bring about an imminent decline in mineral pro- 
duction and that in future U. S. mineral-using in- 
dustries will have to depend on foreign sources for 
more and more of the major mineral raw materials. 
On the other hand, it is argued that domestic mine-val 
resources are virtually inexhaustible if there were 
only legislation against competition from low-cost 
foreign producers. Still another school of thought 
contends that within the past decade the country 
has entered a period of unprecedented mineral dis- 
covery that is rapidly solving the problem of deple- 
tion. 


H. M. BANNERMAN is Assistant Chief Geologist, U. S. Geological 
Survey. 
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Only time will tell which of these widely diver- 
gent views is nearer the truth, for mineral resources 
are, after all, the result of research and adaptation, 
and resources of the future, as of the past, will de- 
pend largely on human response to circumstances. 
Of 18 substances now termed reactive metals, only 8 
(boron, thorium, potassium, sodium, lithium, uran- 
ium, molybdenum, and tungsten) were considered 
of commercial significance at the turn of the century. 
Except for hafnium and rhenium, the other ten were 
well known to chemists and mineralogists before this, 
but none had found use commercially, whereas some, 
like titanium, were looked upon as nuisances in the 
ores of other metals. Of these ten elements, several 
were considered of minor commercial significance, 
and others were of little more than academic in- 
terest as recently as 15 years ago. Before World 
War II only a few of the better informed spoke of 
uranium or thorium as possible sources of power. 
Still fewer talked of converting boron into a super- 
fuel, and the time had not yet arrived when haf- 
nium, rhenium and even zirconium were thought 
of as critical to U. S. welfare and safety. 

In other words, the importance of minerals 
changes with technology and with the times, and 
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except as they are found useful to human enter- 
prise, they are not mineral resources. This concept 
leads to the conclusion that the end is not yet, for 
by this premise, assuming a free economy, the only 
limitation that can be set on mineral resources is 
man’s own resourcefulness. 

Nature of Mineral Deposits: Mineral resources may 
be the product of man’s resourcefulness, but mineral 
deposits are the result of long geologic processes. 
Mineral deposits are geologic entities. They differ 
from other rocks and minerals only in that they con- 
tain unusual concentration of some kind or kinds 
of minerals or metals that have been adapted to 
use, or they are so located with respect to market 
and sources of power as to be amenable to low cost 
extraction. The question of whether or not a given 
deposit of minerals is of commercial grade and size 
depends on technology and on all the vagaries of 
economic and political situations affecting the mar- 
kets, but the location and character of the deposit 
itself are fixed by Nature. Moreover, with very few 
exceptions, mineral deposits can be exploited only 
once. Consequently, though mining activities come 
and go within a given district or region, depending 
on changes in technology, transportation, price, and 
demand, always the new operations must be ad- 
dressed to unmined parts of the deposit or to the re- 
working of mill tailings or waste dumps. This one- 
crop aspect of the problem means that the local 
advantages enjoyed by operations in a given area, 
owing to discovery of high-grade deposits or deposits 
amenable to production at low unit cost, tend to be 
short-lived regardless of location. And in view of the 
rising demand for minerals and metals both at home 
and abroad, it seems likely, barring political inter- 
ference, that such local advantages will be even 
more temporary in the future than in the past. 

Trends in Domestic Production Vs Consumption 
of Key Commodities: The relationships between do- 
mestic mine production and U. S. consumption of 
copper, lead, zinc, and bauxite between 1920 and 
1955 are shown in the graphs. In zine and copper, 
the production record shows that during those 35 
years the country passed from a state of comfort- 
able surplus to one of considerable and growing 
deficit; in lead and bauxite from near balance to 
great deficit. Whatever the cause, or the ultimate 
effect, it seems clear that for these commodities— 
and among the metals the situations shown are not 
exceptional—the records of domestic production vs 
consumption reveal a strong, and growing, state of 
imbalance. 


Reasons for State of Imbalance: Several compli- 
cating factors have contributed to this state of im- 
balance. Most will agree, however, that the dom- 
inant reason for this swing is that domestic dis- 
coveries of quality sufficient to compete in the world 
market have not kept pace with rising demands. 
Known deposits are being used up faster than new 
ones are being found to take their place. Why has 
this state of imbalance between discovery and utili- 
zation developed? 

The problem is not entirely new. It has been 
developing for several decades, but only in the past 
15 to 20 years has it become acute. The trend 
toward greater utilization and increasing difficulty 
in discovery of domestic deposits was foreseen a 
quarter of a century ago, and several far-seeing 
students of the mineral industries voiced the need 
for doing something to correct the situation. No 
one dared, however, to prophesy that the situation 
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would become acute on so many fronts at such a 
early date. Had these students of the problem been 
in closer touch with the research laboratories how- 
ever, they might have been bolder, for hindsight 
shows clearly that the ravenous appetite and highly 
complicated tastes of the present-day mineral and 
metal-using industries grew out of these labora- 
tories, where scientists and engineers created new 
uses for both old and new minerals and metals, while 
highly organized sales staffs created widespread de- 
mand for their products. 

The records also show that the amounts spent in 
research on new uses and on marketing have been 
generous, whereas amounts spent in research on 
discovery techniques have been relatively small. In- 
deed for a time many of the metal-using industries 
seemed to have lost sight of the fact that individual 
deposits of mineral raw materials of given grade 
and quality are of finite quantity. They seemed also 
to have overlooked the fact that research on the 
origin and mode of occurrence of known deposits 
and the methods of searching for new sources of 
supply was a necessary element in the industrial 
process, if capacity to discover new deposits was to 
keep pace with capacity to utilize those already 
known. This, the writer believes, is one of the car- 
dinal reasons for the present state of imbalance be- 
tween the ability to discover mineral deposits and 
the ability to produce mineral products. 
Expenditures for Research: Amounts spent in the 


U. S. on industrial research over the 25-year period 
from 1929 to 1954 have increased from roughly 
$160 million to about $4 billion annually.* There is 
no way of telling how much of this was actually 
spent on exploration for mineral raw materials, 
much less the amount spent in research on under- 
standing ore-forming processes and developing new 
techniques for prospecting. All who have studied 
the problem agree, however, that the efforts in these 
fields are and have been relatively small. 

The President’s Materials Policy Commission 
tried’ to estimate the total amounts spent in research 
in the earth sciences (geology and geophysics) 
through an analysis of the total scientific persunnel 
engaged in basic and development research. Their 
tentative conclusion was that of an estimated 135,- 
000 scientists and engineers engaged in research in 
the U. S. not more than 3000, or 2.2 pct, are earth 
scientists (geologists, geochemists, and geophysicists). 
Assuming this estimate to be correct, and assuming 
that it cost $15,000 per year to support a scientist, 
the total annual amount being spent on research in 
this field would have been $45 million. This is only 
about 0.3 of the sales value of the raw materials 
produced in 1951, the year the estimate was made. 
In view of the fact that by far the greater part of 
the effort was expended for research in the field of 
petroleum, the estimated amount left for work on 
minerals and metals seems small indeed. 

Estimates by the U. S. Department of Labor and 
republished by the National Science Foundation’ 
are even more depressing in that they indicate that 
only 9800, or 1.8 pct, of a total of 553,800 engineers 
and scientists engaged by industry in the U. S. are 
earth scientists, and of these not more than 7 pct 
(or somewhat fewer than 700) were doing full-time 
research. 

These two sets of figures, of course, are not di- 
rectly comparable, since one estimate includes all 
earth scientists engaged in research and develop- 
ment, and the other only those in industry who en- 
gaged in full-time research. Moreover, there is no 
common definition as to the kinds of work included 
under the term research. Whatever their degree of 
accuracy, however, both reports support the conten- 
tion that relatively little is being spent on research 
in the field of mineral exploration. The records pub- 
lished by the National Science Foundation also show 
that the amount spent in research on the earth 
sciences in general is small in comparison with that 
spent in such sciences as biology, physics, and chem- 
istry. 

It seems reasonable to conclude, therefore, . .at 
the amount of effort that has been devoted to learn- 
ing how to find new sources of mineral supply has 
been small compared with that spent on how to adapt 
them. This is not surprising when examined in the 
light of the history of U. S. mineral industries. With 
minor exceptions — which, except in times of war, 
could be taken care of easily through imports from 
low cost foreign sources — the supply problem up to 
a few years ago has not been pressing. Moreover, 
in the early days discovery was relatively easy in 
that the people of this country were privileged to 
explore and occupy huge and almost virgin terri- 
tories in which mineral deposits in abundance 
cropped out at the surface. It called only for cour- 
age, imagination, inventive genius, and financial 
backing to adapt these materials to use and create a 
demand for them. This was (and is being) done in 
a way that calls forth unbounded admiration, and 


OCTOBER 1957, MINING ENGINEERING—1105 


| 


so long as supplies were ample why should great 
efforts be made to find more? Because of this his- 
tory, however, is it not reasonable to assume that 
the basic problem now is not so much lack of depos- 
its amenable to mining as inadequate knowledge of 
how to find them at a reasonable cost? 

Probability Additional Deposits Exist: Most min- 
ing districts now active in the U. S. were originally 
discovered because ore cropped out at the surface, 
yet the record shows that a large number of the 
deposits later mined from those districts gave no 
surface indication of their presence. Instead they 
were found by careful and persistent probing of the 
subsurface. This in itself shows that all the ore de- 
posits do not crop out, and is a good reason for 
believing there are still more to be found. 

Ore deposits bear a systematic relationship to the 
rocks with which they are associated; they usually 
relate to particular geologic provinces and have 
formed during specific geologic epochs, moreover 
statistical records relating to a number of discov- 
eries vs production of ore from typical metalliferous 
provinces suggest that the amount of ore emplaced 
at a given time bears a rough relationship to the 
size of the area affected. A study of mining records 
of the metal-mining areas in southwestern Utah, 
southern Nevada, and western Arizona, for exam- 
ple, led Nolan‘ to conclude that the amount of met- 
alliferous ore-bearing material introduced during a 
given mineralizing epoch bears a rough but constant 
ratio to the size of the area and that quantitatively 
the number of commercial ore deposits discovered 
in the separate mining districts within a given 
mineral-bearing region is roughly comparable to 
the size of the area. Hence, other things being equal, 
it is reasonable to suppose that for depths of at least 
1000 ft the number and nature of the deposits occur- 
ring beneath the covered portions of a given metal- 
liferous province should be of similar ratio to those 
exposed at the surface. 

It should also be recalled that nearly all the met- 
alliferous deposits that have been found are older, 
and occur in rocks that are older, than the great 
blankets of soil, unconsolidated sediments, and many 
of the lavas and tuffs that cover by far the greater 
part of the present land surface even in the desert 
areas of the West. This is to say that the original 
discoveries in most of the great mining districts in 
this country were the result of a fortuitous erosion 
pattern. This particular line of evidence may be 
negative, but when coupled with the history of dis- 
covery and mine production statistics, it too points 
to the same conclusion, namely, there should be at 
least as many undiscovered deposits masked by sur- 
face cover as have already been found. 

Assume, for example, for a region like southern 
California, where natural erosion uncovered direct 
evidence of so many of the deposits already found, 
that the surficial deposits could be stripped off alto- 
gether. How many boron deposits would be en- 
countered in the process, and how many additional 
deposits of the Eagle Mountain, Mountain Pass, and 
Cerro-Gordo types would then be exposed? Then 
assume that the bedrock could be sliced off to a 
modest depth of 1000 ft below the present level. How 
many new orebodies would then be encountered? 

No one knows the answer to these questions, but 
it seems much more reasonable to assume that many 
more deposits remain hidden within accessible 
depths than to assume they are not there simply 


1106—MINING ENGINEERING, OCTOBER 1957 


because we have not yet learned how to find them 
cheaply and easily. 

Earth Sciences in the Search for Commercial De- 
posits: It is fully apparent that research in mining, 
mineral dressing, and extractive metallurgy has 
perhaps turned more rock into ore, in the past 40 
years, than the total ore developed by all the geo- 
logic, geophysical, and geochemical techniques so 
far applied. It is assumed, moreover, that engineer- 
ing and metallurgical techniques must and will con- 
tinue to play a leading role in ore development. 
However, despite all the great improvements in 
mining machinery, mining methods, and beneficia- 
tion techniques that have been or are likely to be 
made, that it will still be necessary to continue to 
find deposits that contain better than average rock 
concentrations of ore minerals if a healthy, self- 
reliant mineral industry is to be maintained. Since 
these deposits are born of geologic processes it is 
the responsibility of geologists and geophysicists to 
devise means for finding them. 

The Geologic Sciences in Exploration: The sys- 
tematic application of geology to problems of ore 
finding was first introduced to this country in the 
1870’s by Clarence King and his associates (G. F. 
Becker, J. D. and Arnold Hague, and S. F. Emmons) 
during their survey of the 40th Parallel. In the 
course of their work this unusually able group 
effectively demonstrated the value of geology as a 
guide to mineral discovery and mine development. 
Others contributed, but in large degree the science 
of mining geology in the U. S. stems from the 
pioneer work of these men. 

The first geological department organized by a 
mining company was set up in 1898 by Anaconda 
Co. when H. V. Winchell was engaged to make a 
systematic geological examination of the company’s 
holdings in the Butte area. The Anaconda geologic 
staff soon achieved status as an independent explor- 
ation unit and has continued to serve with great 
distinction in that capacity ever since. In due 
course other companies began attaching geologists 
to their staffs, and many major contributions to the 
art and science of ore finding have accrued from the 
efforts of some of these men. Some companies es- 
tablished departments patterned after Anaconda, 
but in all too many cases company geologists were 
attached to the mining departments and employed 
as samplers and general flunkies rather than as geol- 
ogists. Thus employed, they had little chance to ex- 
ploit their training and develop their geological 
talents. Geologic staffs are a relatively recent ad- 
junct therefore, and the application of scientific 
methods to the problem of ore finding is still very 
much in its infancy. 

These remarks are by no means intended to dis- 
parage the accomplishments of the mining geologists, 
geophysicists, engineers, and other students of the 
mineral deposits. Nor are they meant as an alibi 
or apology for deficiencies in present knowledge of 
how to search for mineral deposits. They simply 
emphasize the fact that the scientific approach to 
prospecting has been little more than tried, and 
there is much to be learned before proficiency in this 
phase of the work can be brought up to the profi- 
ciency in adaptation and marketing. For more than 
100 years an unremitting campaign has been waged 
to adapt and use minerals and mineral fuel deposits. 
Except in the petroleum industry, relatively little of 
the wealth derived from this campaign has been 
used to develop an understanding of the processes 
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This article contrasts the great sums spent on research for new uses of materials and on marketing to the small amount spent 
on research in discovery techniques. Major industrial research installations such as this Westinghouse center near Pittsburgh 
symbolize the tremendous drive provided many companies and industries through their own programs. In contrast the National 
Science Foundation estimates that fewer than 700 earth scientists are engaged in full-time research to serve the whole scope 


of the mineral field. 


by which the deposits were concentrated, or to de- 
velop the scientific techniques required to guide the 
search for new sources of supply. 

For this reason data on many important aspects 
of ore-forming processes are far from complete. 
There are too few data on the physical, electric, 


radiometric, and thermal properties of rocks, for 
example, to permit definitive interpretations of many 
of the geophysical measurements that are possible 
even now. Despite all the good work that has been 
done, the nature of ore-bearing solutions is not yet 
known, nor are the forces that govern their migra- 
tion understood. Data on the changes in composi- 
tion that these solutions undergo and on the changes 
they induce in rocks traversed as they migrate are 
still far too scanty to warrant definite interpreta- 
tions. Definitive data are also lacking on the physi- 
cal, chemical, and biochemical changes that take 
place in minerals and rocks during weathering, re- 
distribution, and reconsolidation—factors that un- 
doubtedly play a critical role in the development, 
location, and geometric patterns of many types of 
ore. For large portions of the country there is not 
even the comprehensive geologic map coverage 
needed to determine the geologic framework and 
establish the geologic sequences of events in the 
detail required to guide efficient exploration pro- 
grams. 

These are but samples of the kinds of knowledge 
needed, but not yet available, for use in the search 
for mineral deposits. Some of these features may 
seem academic and far-fetched, but geologic and 
geophysical interpretations, like all other interpre- 
tations, are only as good as the data on which they 
are based. Without comprehensive data on the 
physical and chemical properties of rock, the mean- 
ing of geophysical and geochemical anomalies must 
remain in the realm of conjecture until they are 
tested by extensive subsurface exploration. With- 
out more precise understanding of the geochemical 
nature of ore-bearing solutions, and more definite 


data on the changes that take place in them and in 
the minerals with which they come in contact during 
migration, many subtle differences in the rocks that 
might serve as guides to ore deposits are likely to 
go unnoticed. 
Present Trends 

The picture is not all gloomy. Trends developed 
in the past few years offer much hope for a bright 
future in this field. First and perhaps most impor- 
tant is the fact that strong units of the mining in- 
dustry are rapidly expanding their exploration de- 
partments, and some of the larger companies have 
launched programs of long-range geologic and geo- 
physical research designed to develop new concepts 
and techniques. This is reminiscent of developments 
in the petroleum industry in the late 1920’s which 
brought about such salutary results. There is little 
doubt that had it not been for the aggresive program 
of research in geology, geophysics, and drilling tech- 
niques launched by the petroleum industry and care- 
fully nurtured ever since, the domestic petroleum 
production record and the petroleum reserve situa- 
tion would be only a fraction of what they are to- 
day. The research efforts of the mining industries 
to date are relatively small compared to the size of 
the task ahead, but the trend is in the right direction. 

In the recent past, too, there have been successful 
new or improved techniques developed for use in 
the direct task of exploration. Among these, geo- 
chemical prospecting methods deserve special men- 
tion, not only because they promise direct aid in 
locating mineral deposits but also because they can 
be expected to yield an immense amount of data on 
the geochemical behavior of the elements under 
changing geologic environment — data that are 
needed to develop better understanding of ore gen- 
esis. Geochemical techniques are only beginning 
to hit their stride. A number of mining companies 
have taken them up and have trained and equipped 
their exploration groups to make use of the methods. 

Geologic mapping techniques are also being im- 
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proved in such a way as to obtain greater coverage 
more rapidly and at less cost. One element contri- 
buting to this is photogeology. This method, which 
blends airphoto interpretation with photogrammet- 
ric techniques, is a supplement, not a substitute, for 
standard ground control methods of geologic map- 
ping, but it cuts down appreciably on the amount of 
ground control needed to make first-rate geologic 
maps, and in some cases it gives an overall perspec- 
tive not readily attained by ground methods. 

Perhaps the most exciting trend of the past decade 
has been the development of motorized precision 
equipment. Geochemical prospecting in itself is 
simply a refinement of the old-time panning tech- 
nique, but the motorized chemical laboratory is new. 
So are motorized gravimeters, airborne electro- 
magnetometers, scintillometers, portable geiger 
counters, and a host of other instruments that form- 
erly were laboratory-bound. The overall effect of 
these developments has been to add a certain amount 
of precision to the ancient art of prospecting by 
placing in the hands of the prospectors, exploration 
engineers, and geologists in the field tools formerly 
available only to specialized laboratory technicians. 

Other new tools and techniques are being made 
available through recent advances in nuclear 
science. Isotope ratios of the radioactive elements, 
for example, have been used for some time to deter- 
mine the absolute age of minerals and rocks — often 
a matter of major significance in prospecting. It is 
entirely conceivable that a study of the isotope ra- 
tios of the stable elements may prove of even greater 
use in unravelling the problems that beset the 
search for ore. For instance, geologists have known 
for years that the mineral composition of ore de- 
posits varies systemically within a deposit and from 
one part of a mineral district to another. These vari- 
ations, carefully mapped out, have often proved of 
great practical value in the search for extensions of 
orebodies or new deposits within a district. Simi- 
lar systematic variations are beginning to show up 
in the isotope ratios of common elements found in 
rocks that have undergone hydrothermal altera- 
tion.” Work done on certain hydrothermally altered 
limestones, for example, suggests that the oxygen 
18/16 isotope ratio varies appreciably and in direct 
and systematic relation to the locus of alteration. 
If it can be established that such relationships are 
the rule, the study of isotopes may provide a new 
and highly sensitive guide to hidden ore of the hy- 
drothermal type. The technique is new and rela- 
tively untried. Just where it may lead, nobody 
knows, but it is a wide open and promising field for 
research. 

It seems reasonable to believe, therefore, that the 
discovery difficulty facing the mineral industries 
today is not so much lack of mineral deposits to be 
found as it is lack of knowledge of how to find them 
at a rate that will meet growing demands and at a 
cost favorable enough to make their discovery and 
development competitive in the world markets. One 
way to alleviate this situation is through aggressive 
research on the processes by which ore deposits are 
formed, and the geologic patterns they assume, as 
well as research to develop better techniques for 
probing for deposits hidden by surface cover. The 
success of such a research campaign would, of course, 
depend upon the imagination, persistence, skill, and 
astuteness of those who conceive and guide it, and 
upon the courage and forebearance of those who 
provide the means to do the work. 
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An example of what this type of program can do 
in the case of a material that becomes critical in its 
demand is provided by what happened in the case 
of niobium. Six years ago, potential demand for this 
metal far exceeded the potential reserves of all the 
known sources. Because the element was needed 
for defense, a boost in price was sponsored by the 
Government and a study of its mode of occurrence 
was begun, followed by a search for concentrations 
amenable to mining, in the face of what then seemed 
hopeless odds. At the same time a program of 
metallurgical research was launched in an attempt 
to modify use patterns so as to conserve this avail- 
able supply. Both campaigns succeeded in amazing 
degree. Today it is possible to find and recover 
more niobium from deposits accessible to U.S. mar- 
kets than were then thought to exist in the entire 
Free World. Meanwhile the metallurgists devised 
ways to obviate the need for the element in one of 
its major and critical uses. 

This case, of course, is not typical, for niobium 
is a metal that prior to World War II was not of any 
particular concern, and little attention had been 
given to its geologic occurrence. Nevertheless, it 
illustrates what can be done by geological, metal- 
lurgical, and managerial talent adequately supported 
and daringly used. 

However, this is not to say that deposits of copper, 
lead, zinc, and petroleum can be discovered at a 
rate sufficient to meet current and projected de- 
mands. In fact, it is reasonable to expect that in the 
future the cost of finding and producing some com- 
modities will rise above the economic limit and 
others will gradually move in to take their place. 
The limits of some of these transitions can be ap- 
proximated now—petroleum and gas vs synthetic 
liquid fuels from coal and oil shales and bauxite vs 
high alumina clays. 

It should be remembered, however, that no min- 
eral commodity has ever gone off the market solely 
because its source of supply was exhausted. Some 
have disappeared because research developed other 
materials to take their places. This is a healthy 
habit. It is to be hoped that it will continue. 
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Operation of Liquid Cyclones 


at Calaveras Cement Co. 


Successful installation reduces costs by 
handling greater tonnage at higher densities 


by James T. Curry 


ACED with processing an increasing volume of 

raw material through its existing plant, early 
in 1955 Calaveras Cement Co. of California con- 
sidered incorporating liquid cyclones in its raw mill 
grinding circuits. 

One of many problems was the prospect of hand- 
ling larger volumes of finished slurry through ex- 
isting pipelines. Fixed capacities of the mechanical 
classifiers also placed limits on plant expansion. 

The expense of duplicating classifiers, pumps, and 
pipelines could be avoided by installing liquid cy- 
clones to process the larger tonnage of finished slur- 
ry at higher densities for pumping through the pipe- 
lines already in use. A cyclone installation would 
replace the bow! classifiers and allow for consider- 
able increase in tonnage at about the same mesh of 
separation. 

A single D-20-B Krebs cyclone, manufactured by 
Equipment Engineers Inc. of San Francisco, was in- 
stalled.on an experimental basis early in 1955, and 
although the pump installation feeding the test unit 
proved to be inadequate, data accumulated on cy- 
clone performance indicated that results demanded 
by plant operation could be achieved. Orders were 
placed for four more D-20-B cyclones and four BC 
Frame Hydroseal pumps, rated to handle the re- 
quired feed tonnage of 220 tph. 

Prior to the installation of cyclones at Calaveras, 
the raw mill grinding circuit consisted of one 9x9 
and one 8x7 Marcy ball mill to reduce the raw 
cement material to +10 mesh. This was followed by 
secondary grinding and classification in two 9x25 
Marcy tube mills. Bow! classifier product structures 
are shown in Table I. 

Mill feed, consisting of relatively coarse (—2 in.) 
crushed limestone and shale, imposed a considerable 
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load on the grinding units, and together with the 
limited capacity of the bow] classifiers, held produc- 
tion to 70 tph per unit. As a logical step to increase 
production and lower grinding costs, raw material 
size was reduced by the installation of a 66-in. Tel- 
esmith Gyrasphere crusher, operating in open cir- 
cuit and delivering to raw feed storage a product 
of —1 in. 

The first cyclone installation on a production basis 
was designed to take advantage of several plant 
features. Launders and pipelines in place could be 
used advantageously, and an effort was made to 
complete the installation with minimum shutdown 
time for major changes in circuit design. It was 
important at the time to be able to cut the cyclones 
in or out of the circuit with as little trouble as pos- 
sible. 

Although the original unit was considered satis- 
factory from a metallurgical standpoint, operating 
two cyclones in the same circuit with vastly dif- 
ferent feed particle size, dilution, tonnage, and feed 
pressure requirements left much to be desired. To 
balance the load between the two cyclones, some 
secondary pumping was eventually required in by- 
passing part of the load from one cyclone to the 
other. Although feed pressure and orifice sizes still 
differed, better distribution of the load was obtained 
between one cyclone, operating open circuit, and the 
other, operating in closed circuit with the 9x25 Mar- 
cy regrind mill. 

Operating characteristics of the two cyclones com- 
prising A unit are given in Table II, and a compari- 
son of these screen structures with those for bowl 
classifier operation in Table I reveals a decided in- 
crease in —200 mesh material reporting in the cy- 
clone underflow product. As this —200 mesh ma- 
terial is normally the finished product, returning it 
to the 9x25 mill for further grinding is a wasted ef- 
fort, although it is sometimes argued that some 
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Table |. Bow! Classifier Screen Structures 


Bow! Feed, Bowl Sands, Bowl Overflow, 
Wt Pet Wt Pet Wt Pet 

Cumu- Cumu- Cumu- 

Mesh Direct lative Direct lative Direct lative 
14 0.21 0.21 0.32 0.32 
20 1.22 1.43 2.70 3.02 
28 4.97 6.40 8.20 11.22 
35 6.36 12.76 15.12 26.34 
48 6.75 19.51 16.75 43.09 
65 6.10 25.61 15.12 58.21 

100 6.34 31.95 17.02 75.26 0.16 0.16 

150 6.93 38. 13.40 88.66 2.85 3.01 

200 4.79 43.67 4.32 92.98 5.15 8.16 

200 56.33 100.11 7.02 100.00 91.84 100.00 

114 tph 71.5 pet solids 15.0 pct solids 
44.5 tph 70 tp! 


Table I11. Combined Results of Cyclone Data for Unit B 


Feed inlet pressure, 11 psi; vortex, 5% in.; apex, 25% in. 


Feed, Wt Pct Overfiow, Underfiow, 
(Calculated) Wt Pet Wt Pet 
Cume Cumu- Cumu- 
Mesh Direct lative. Direct lative Direct lative 
10 0.08 0.08 0.18 0.18 
14 0.16 0.24 0.38 0.56 
20 0.65 0.89 1.52 2.08 
28 1.67 2.56 3.90 5.98 
35 3.70 6.26 8.64 14.62 
48 4.39 10.65 10.23 24.85 
65 5.45 16.10 12.67 37.52 
100 7.14 23.24 Trace Trace 16.64 54.16 
150 8.36 31.60 2.14 2.14 16.64 70.80 
200 8.96 40.56 9.42 11.56 8.35 79.15 
200 59.44 100.00 88.44 100.00 20.85 100.00 
45.6 pct solids 34.0 pct solids 71.0 pet solids 
932 gpm 728 gpm 204 gpm 
152.3 tph 86.9 tph 65.4 tph 


Table IV. Comparative Performance Data 


A Unit B Unit 
Mechanical Cyclone Cyclone 
Item Clacsificati Classificati Classifi 
Tons per hour, feed 70 100 100 
Slurry to thickeners, per- 
cent solids 13.5 0 35.0 
Ratio, solids: water 1:6.4 1:1 1:1.9 
Pulp volume per ton of 
solids, cu ft 216.9 71. 71.4 
Total slurry, gpm 1900 892 892 
Feed increase, pct 43.0 
Decrease in gallons per 
minute, pet 53.0 53.0 
Total pumping load, hp 117 126 84 
Total kilowatt-hours per 
ton of feed 1.213 0.939 0.627 
Power decrease, pct 6 48.4 


Operating Results: 


Tables | and || permit comparison of bowl 
classifier and cyclone operation, while Tables 
Il and Ill permit comparison of first and 
second cyclone installations. There were 
practical limits in how well the cyclones 
could produce underflow free from -—~200 
mesh material. 


Table Il. Cyclone Data for Unit A 


Cyclone No. 1. Feed inlet pressure, 15 psi; vortex, 6 in.; apex, 356 in. 


Feed, Wt Pet Overfiow, ‘Underflow, 
(Calculated) Wt Pet Wt Pet 
Cumu- Cumu- Cuma- 
Mesh Direct lative Direct lative Direct lative 
—10 +20 2.81 2.81 3.91 3.91 
28 5.48 8.29 7.62 11.53 
35 8.92 17.21 12.40 23.93 
48 10.91 28.12 15.19 39.12 
65 9.86 37.98 13.70 52.82 
100 9.67 47.65 Trace Trace 13.45 66.27 
150 8.39 .04 1.65 1.65 11.02 77.29 
200 5.31 61.35 5.90 7 5.08 82.37 
— 200 38.65 100.00 92.45 100.00 17.63 100.00 
Total 100.00 100.00 .00 
55.5 pct solids 33.7 pet solids 76.8 pct solids 
637 gpm 357 gpm 262 gpm 
135.7 tph 38.2 tph 97.5 tph 
Cyclone No. 2. Feed inlet pressure, 30 psi; vortex, 544 in.; apex, 25% in. 
Feed, Wt Pct Overfiow, Underfiow, 
(Caleulated) Wt Pet Wt Pet 
umu- Cumu- Cumu- 
Mesh Direct lative Direct lative Direct lative 
—28 +35 0.41 0.41 0.76 0.76 
48 4.02 4.43 7.45 8.21 
65 5.45 9.88 10.10 18.31 
100 11.58 21.46 0.30 0.30 21.20 39.51 
150 15.31 36.77 5.54 5.84 23.46 63.15 
200 10.72 47.49 9.70 15.54 11.61 74.76 
—200 52.51 .00 84.46 100.00 25.24 100.00 
Total 100.00 100.00 100.00 
48.7 pct solids 34.4 pct solids 75.5 pct solids 
737.5 gpm 542 gpm 195.5 gpm 
129.7 tph 59.6 tph 70.1 tph 
Composite Overflow Composite Underfiow 
to Thickeners, Wt Pct te Regrind, Wt Pct 
Cumu- Cumu- 
Mesh Direct lative Direct lative 
—10 +65 38.40 38.40 
100 0.18 18 16.69 55.09 
150 4.02 4.20 16.30 71.39 
200 8.21 12.41 7.81 79.20 
— 87.59 100.00 20.80 100.00 
Total 100.00 
34.1 pct solids 76.1 pct solids 
899 gpm 457.5 gpm 
97.8 tph 167.6 tph 


—200 mesh material promotes better regrinding by 
providing a more viscous mass inside the mill. 

It appears that one of the inherent disadvantages 
of closed circuit cyclone classification is the relative 
inefficiency, as compared to bowl classification, in 
making a clean underflow separation of the fine or 
finished material. The problem can be remedied 
somewhat by further dilution water or by increased 
feed entrance pressure, neither of which is practical 
or desirable from an operating standpoint. The en- 
trance pressure of 30 psi at No. 2 cyclone already 
exceeded the limits of economic pump operation, 
and further increase in feed dilution would defeat 
the purpose of providing a high density overflow 
product. 

On the basis of data accumulated for six months 
on the A unit performance, it was decided to in- 
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stall the new B unit in parallel to relieve the prob- 
lem of excessive fines in the underflow. The neces- 
sary changes in plant design, incorporated when the 
9x9 Marcy ball was installed, have obtained the fol- 
lowing benefits: 

1) Equal pump operation, wear characteristics, 
and power requirements. 

2) Even distribution of load and particle size be- 
tween the two cyclones. 


3) Equal cyclone operation, feed pressure re- 
quirements, and wear characteristics. 


4) Equal balance and distribution of cyclone 
products to thickeners and regrind. 


5) Standardization of wearing parts, such as apex 
valves and vortex orifices. 


| 


Flowsheets: 


Starting point for development program was 
conventional flowsheet at right. The “A” 
cyclone circuit was designed to take ad- 
vantage of existing plant features and 
minimize time for installation. The “B” cir- 
cuit, installed to minimize fines in the un- 
derflow, permitted balancing the load and 
other factors. Cyclone installation resulted in 
reduction of 4.6 tons of water handled per 
ton of solids produced, with attendant power 
saving, and enabled plant to handle 43 pct 
more material at a reduction of 53 pct in 
gallons of slurry pumped per minute. 


SLURRY TO THICKENERS 


| 


“A” Cyclone flowsheet 
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Conventional flowsheet 
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“B” Cyclone Flowsheet 


Although Tables II and III show much the same 
screen structures for overflow and underflow prod- 
ucts, these results are not directly comparable be- 
cause feed rates to the B unit cyclones were some- 
what below normal during the sampling period 
represented by Table III. The underflow solids of 
71 pet reflect a low weight loading factor, resulting 
in a higher percentage of —200 mesh material than 
is normally the case. 

The apex valves, of molded natural rubber, last 
about 100 days and are the only parts of the cy- 
clone that show appreciable wear. Several types 
of hydraulic and pneumatic controls have been in- 
stalled to compensate for this wear and to maintain 
a fixed orifice diameter. Of these, the pneumatic type 
of valve has successfully maintained the fixed orifice. 
It remains to be seen whether it will provide a long- 
er life for the rubber valve. 

Another innovation that shows promise is the apex 
valve with ceramic insert. It is hoped that this ex- 
tremely hard, high-temperature, superceramic ma- 
terial will maintain a fixed diameter for a long 
period, but it is far too early to make predictions. 

Because large quantities of water were originally 
recuired for the bowl classifiers to effect the de- 
sired separation at 88 pct —200 mesh, it was neces- 
sary to handle a finished slurry at 12 to 15 pct solids 


—a solids to water ratio of about 1:6.5. Transport- 
ing this volume to the thickeners imposed a severe 
load on pumps, pump motors, and pipelines that had 
been installed at an earlier date when production 
was substantially lower. With a further anticipated 
increase of 35 pct in production the only alternative 
to duplicating equipment was to reduce the volume 
of water to be pumped by producing slurry at a 
higher density. 

This was attained by using the liquid cyclones 
to produce a finished ground material, within the 
accepted limits of size distribution, at 35 pct solids, 
or a solids to water ratio of 1:1.9, eliminating 4.6 
tons of water for each ton of solid material handled. 
A gain in economy is achieved not only in pumping 
slurry to the thickener but also in handling less 
thickener overflow water back to the plant process. 
About 43 pct more material is now being successfully 
processed at a reduction of 53 pct in gallons of slurry 
pumped per minute. The increased tonnage is be- 
ing handled with a power saving 23 to 48 pct. 

It is only natural that a lot of lost motion occurs, 
in the form of trial and error, when radically dif- 
ferent types of milling equipment are installed in 
an operating mill circuit. Calaveras Cement Co. 
anticipates that with improved operating techniques 
there will be even greater savings per ton of finished 
material. 
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Introduction 


Air Classification Symposium 


by Arthur L. Hall 


The purpose of this symposium is to challenge in- 
dustry to better air classification, and as a first step 
toward fulfillment, to spotlight three fairly recent, 
aerodynamically designed, highly efficient air classi- 
fiers. This discussion does not intend to imply that 
present practice is bad. Actually, when present air 
separators are used for the jobs for which they were 
originally designed, they give high production and 
uniform operation, with a minimum of mainten- 
ance. The customers of nonmetallic mineral pigment 
producers, however, are making increasing demands 
for finer products, such as 99.9 pct —20y, which 
appears to be beyond the economic capabilities of 
standard air separators industrially used over the 
last 10 to 30 years. 
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| | | 
VARIATIONS IN FINENESS OF MILL DISCHARGE 
AND RECYCLE IN TYPICAL PEBBLE MILL- 
AIR SEPARATOR CIRCUIT PRODUCING VARIOUS 
WOLLASTONITE PRODUCTS | 


+ + + ~ 


FINENESS IN PCT MINUS U.S.NOQ 325 SIEVE 


1 2 3 
AVG PARTICLE SIZE IN MICRONS OF PRODUCTS 
BY PERMEABILITY TEST 
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Here is an actual example. A 10-ft diam pebble 
mill is in closed circuit with a conventional 12-ft 
diam centrifugal air separator, grinding 20-mesh 
wollastonite to a series of fine grades up to 99.97 pct 
— U.S. No. 325 mesh (44). Fig. 1 shows variations 
in fineness of mill discharge (or air separator feed), 
recycle for regrinding (or air separator tails), and 
product as measured by a wet rotating sieve test. For 
example, when the mill is turning out a product 80 
pct —325, the mill discharge or separator feed is 30 
pct —325, and the coarse tailings or recycle is only 5 
pct —325. Hence 25 pct of the 30 pct available is ac- 
cepted as product. This is efficient separation, and 
the ratio of recycle to feed is only about 2:1. How- 
ever, to make a product testing 99.97 pct —325 the 
separator feed is 62 pct —325 and the coarse tailing 
60 pct —325. In this case the recycle ratio is about 
13:1 and the economic limit to produce fineness has 
been substantially reached with this given equip- 
ment and process arrangement. 


EFFICIENCY , PCT 
3 3 


b 


PCTE= 


TPH PCT-325IN PRODUCT 
TPH x PCT-325 IN SEP FEED 


~ EFFICIENCY OF AIR SEPARATION AT 
NO. 325 MESH (44 MICRONS) IN 
TYPICAL PEBBLE MILL-AIR SEPARATOR 
CLOSED CIRCUIT PRODUCING VARIOUS 
GRADES OF WOLLASTONITE ——--+ 


3 4 5 6 7 8 
PRODUCT FINENESS IN FISHER NO. , MICRONS 


Fig. 1 Fig. 2 : 
} PRODUCT 
| | | 
| | | 
9 
eo T T + + + —+- + — 
50 T T + + + + 
MILL 
DISCHARGE 
40 T T + + + + 
30 + + 30 | 
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This last example points out that the pebble mill 
is doing a better job of grinding than the separator 
is of classifying, and this is the primary reason why 
a symposium on classification and not on milling was 
arranged. 

In any statement of efficiency, the exact formula 
and particle size cut-point must be clearly defined. 
Efficiency of air separation may be expressed as the 
quantity of material finer than the desired cut-point 
which is obtained in the product, expressed as a per- 
centage of the quantity of material finer than this 
cut-point which was present in the classified feed. 


by Robert E. Payne 


NTIL recently classifier design was a mysteri- 
ous art consisting of cut-and-try experiments 
to improve some existing winnowing machine. Pow- 
der was dumped into an airstream of very non-uni- 
form cross section with little or no effort to control 
initial velocity, secondary flow patterns were present 
to keep remixing the powder, and classifying effi- 
ciencies were very low. If a particle got off to a bad 
start or was caught in a secondary flowstream it was 
misclassified, and only a second pass could rectify 
the error. 

About ten years ago a new concept began to ap- 
pear—the constant cut-point classification zone. Sup- 
pose that it were possible to retain a particle in the 
classification zone until the effects of initial velocity 
disappeared, and further, that no matter where this 
particle found itself at that time, it would be forced 
in a given direction if it were less than a certain 
size and in the opposite direction if it were greater 
than that size. Then even if the particle were to start 
out in the wrong direction, it would eventually turn 
around and go the right way. One requirement in 
creating such a constant cut-point region was the 
suppression of secondary flow patterns. Out of these 
considerations, the idea of a controlled vortex classi- 
fier began to appear. Machines of this type were 
actually produced commercially by Alpine in Ger- 
many, Bahco in Sweden, and a few other companies. 
Sharples Corp. built several comparable experi- 
mental machines that were tested commercially by 
other companies, but it was apparent that the con- 
trolled vortex classifiers, in spite of their superiority 
over earlier winnowing machines, were disappoint- 
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The Optimal Vortex Classitier 


This is stated in equation form in Fig. 2., the A 
micron size being the desired cut-point, in this case, 
44u. From this data it is apparent that production of 
a 3-» product on this particular system is far from 
theoretical perfection. 

Efficiency is a good guide but does not in itself 
solve the problem. The above discussion should not 
overshadow the fact that the pigment producer 
wants equipment requiring minimum capital invest- 
ment, minimum operating and maintenance expense, 
at the same time giving a maximum production rate, 
while making the superfine products now in demand. 


ingly far from the ideal. In general, the early win- 
nowing classifiers gave 10 to 40 pct product recov- 
eries.* The controlled vortex classifiers gave product 


* Product recovery as used here is usually referred to as effi- 
ciency by people working with classification equipment. It is the 
percent of available product material in the feed that is removed as 
product by a single pass through a classifier. If 80 pct by weight of 
the feed material is composed of particles smaller than 204 and 50 
pet of that amount (or 40 pct of the feed material) is delivered as 
product, the product recovery is 50 pct. This definition gives gen- 
erally higher numbers than the true efficiency, since it makes no 
mention of the percent by weight of product which is greater than 
the 204 separation point. This has been well treated by H. W. New- 
ton and W. H. Newton in “A Study of Classification Calculations,” 
Rock Products, Aug. 13, 1932, p. 26. 


recoveries from 20 to 50 pct, depending on the mate- 
rial being classified, the cut-point of classification, 
and the feed rate. Sharples Corp. decided to delay 
production of a commercial classifier until the miss- 
ing elements in the controlled vortex classifier could 
be found. 

Extensive measurements with several models, as 
well as detailed mathematical investigation of par- 
ticle trajectories in vortex classifiers, revealed that 
another important development was necessary be- 
fore a highly efficient controlled vortex classifier 
could become a reality. While in principle a con- 
trolled vortex classifier could be adjusted to create 
a constant cut-point classifying region for any feed 
material of a given particle size distribution and a 
certain feed rate, any change in either the particle 
size distribution of the feed material or the feed 
rate would introduce an interaction with the spiral- 
ing airflow which would immediately destroy the 
carefully adjusted constant cut-point region, with a 
consequent drop in classifying efficiency and sharp- 
ness of cut. An immediate solution to the problem 
might appear to be simply to maintain a high ratio 
of mass airflow to powder so that the interaction of 


OCTOBER 1957, MINING ENGINEERING—1113 


Vr 

Fig. 1—F. = centrifugal force; Fe = drag force; Vi = 

tangential velocity; r, = outside radius, classification zone; 

r = inside radius, classification zone. 


the powder on the air would be small. This is possi- 
ble for small pilot plant classifiers but is completely 
out of the question because of blower costs and 
power costs and power requirements in the range of 
commercial classifier capacities. This situation is 
probably the true basis for the remark that anyone 
can build a good laboratory or small pilot plant clas- 
sifier but that these units can never be scaled up 
without drastic loss in efficiency. 

There is fortunately one (and only one) way to 
circumvent this problem. There is one particular 
mathematical spiral vortex that can be maintained 
completely independent of particle size distribution 
in the feed material and feed rate. The Sharples 
super classifier is based on the incorporation of this 
particular spiral vortex into a constant cut-point 
classifying zone. It has been designed to minimize 
blower capacity and power requirements and can be 
built in any size with identical classification per- 
formance. Several units have been built and tested 
in the capacity range from 200 lb per hr to 20 tph. 
Larger units are being considered. 


OISTANCE IN FEET 


Fig. 2—Plot shows that 100-u particle of talc must travel 
80 ft before approaching air stream velocity—a distance 
greater than the trajectory available in the classifier. 
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General Characteristics of Vortex Classifiers: Fig. 
1 illustrates the general nature of any vortex classi- 
fier. The classifying zone is that volume between the 
cylindrical limits of radii r, and r,. Air introduced at 
the outside of the classifier is directed by vanes into 
a spiral flow. A particle in the classifier region will 
have a radially outward centrifugal force F. acting 
on it because of its tangential velocity V, and a 
radially inward drag force F, acting on it caused by 
the inwardly spiraling air. These forces can be made 
to balance for any single particle size at any point in 
the classifying zone if proper airflow can be main- 
tained at every point in the classifying region and 
particles can be brought up to air speed before they 
leave the classifying zone. As an example of this, in 
one type of controlled vortex classifier an attempt is 
made to maintain an Archimedian spiral in the 
classifying zone, i.e., the tangential velocity of the 
air is kept constant throughout the classifying zone. 
This spiral will produce a constant cut-point classi- 
fying region for a parallel plate classifier. Now this 
can be accomplished only if energy is extracted from 
the air at a very definite rate as it moves inwardly. 
This energy must not be removed by the walls of the 
classifying zone or else secondary flow patterns will 
be created and the uniformity of airflow in the axial 
direction will suffer badly; consequently, the energy 
must be extracted by friction losses of the vortex 
on itself and through energy transferred to the pow- 
der being classified by the air in the form of tangen- 
tial acceleration of the particles as they move radi- 
ally inward. This condition can be approximated at 
a single value of feed rate and for a single particle 
size distributon of the feed powder as long as the 
total mass of powder involved is small compared to 
the total mass of air; consequently, fairly efficient 
classifiers can be built on this principle in small 
sizes. As already mentioned, classifiers of this type 
that are capable of making a fine product at high 
classification efficiency at capacities exceeding a few 
hundred pounds per hour have prohibitive blower 
requirements. On the other hand, in making a coarse 
preduct the constant cut-point region may be largely 
lost unless special methods are used for feeding. The 
larger particles cannot be accelerated to the tangen- 
tial speed of the air by the air itself in the time they 
are in the classifying region. This can be seen from 
Fig. 2, e.g., a 100-» particle of tale must travel about 
80 ft to be accelerated by the air stream to 98 pct of 
the air stream velocity. This is many times greater 
than the length of the particle trajectory in the clas- 
sifying region. 

A great many types of spiral flow other than the 
Archimedean spiral can be used in vortex classifiers 
if the rotational energy of the air can be changed by 
the powder in the proper way. With the single ex- 
ception of free vortex flow, which is used in the 
Sharples classifier, all other spirals have the same 
disadvantages as the Archimedean spiral. There is a 
basic reason for this. The free vortex is the only vor- 
tex in which the angular momentum of the air is 
conserved. If no forces are allowed to act upon the 
airstream in the tangential direction, it will conserve 
its angular momentum and will have a free vortex 
flow. If no tangential forces are exerted on the par- 
ticle while it is in the classifying region it will also 
conserve its angular momentum; consequently, if a 
particle of any size is introduced into the classifying 
zone at any point with the same angular momentum 
as the air, the tangential velocities of the air and 
powder wil! remain perfectly matched at every point 
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PARTICLE TO 986% OF VORTEX VELOCITY 
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Figs. 3a (top), 3b (center), 3c (bottom). Refer to text. 


in the classifying region and there will be no inter- 
action between the powder and the air to alter the 
free vortex. In the free vortex classifier, the constant 
cut-point region can be maintained completely inde- 
pendent of feed rate and particle size distribution 
changes. Further, it is possible to single out the de- 
sign of a free vortex classifier which will meet given 
performance standards with a minimum of blower 
capacity. For perfect operation, the blower should be 
of the constant volume type, but centrifugal blowers 
can also be used where feed rate does not vary 
excessively. 

Design of the Free Vortex Classifier: Since a free 
vortex is to be maintained in the classifying region, 
it will not be necessary to depend on the air to accel- 
erate the particles to their proper speed. These par- 
ticles will be accelerated mechanically to the speed 
of the vortex and introduced into the vortex with 
the same tangential velocity the air has. Now the 
powder will not influence the vortex flow, and the 
problem discussed with reference to Fig. 2 is elimi- 
nated. Fig. 3a shows how the tangential velocity in 
an actual vortex (dotted line) compares with that of 
a free vortex because of internal friction due to air 
viscosity. The self-induced sheer forces are very 
high at A and relatively unimportant at B; conse- 
quently, the classifying region should have a dough- 
nut shape and the inner radius should be well re- 
moved from the center. For minimum secondary 
flow and friction losses due to the side walls, these 
should rotate with the mean velocity of the air. 


18 
= Stokes drag coefficient 
d. = cut-point diameter 
= particle specific gravity 
= density of the air 
1) = viscosity of air (or fluid) 
r = radial coordinate 
V. = radial velocity of the air 
V: = tangential velocity of the air and also 
of the powder 
m = mass of the particle 
Vi, fo, etc. = value of quantity at outside edge of 
classifying zone 
V.., ts, etc. = value of quantity at inside edge of 
classifying zone 
Q = volume velocity of air 
h(r) = spacing of walls at radius r 
Ap = pressure drop from r, to r: due to vortex flow 


These plates are therefore ideal for accelerating the 
powder to the speed of the air. In Fig. 3b, it can be 
seen that the differential velocities between the vor- 
tex and the rotating walls are large in region A and 
negligible in region B, so that again a doughnut- 
shaped classifying region well removed from the 
center is required if secondary flow patterns are to 
be avoided. All tangential forces acting on the air 
have now been eliminated so that the vortex cannot 
be other than the desired free vortex. 

The classifying region is to have a constant cut- 
point. Consequently, if d. is the particle diameter at 
the cut-point, the centrifugal force of the particle is 
equated to the radially inward drag force 


mV,’ = C, or V,? = TV, [1] 


18 
r <,.= — C, 
pd. 
Since the particle conserves angular momentum, 
Te 
Vi=Vi, [2] 
and in terms of volume air flow, Q 
[3] 
2a rh(r) 
when Eq. 2 and Eq. 3 are substituted into Eq. 1 
Te 
h(r) 
or 
h(r) ae r 


that is, the walls should be paraboloids.* Over the 


* This is not exactly true, since «- contains the factor C,, which 
depends upon r. This correction is unimportant for Reynolds num- 
bers below about 5 but should be included when larger Reynolds 
numbers are considered. In the Sharples classifier, it amounts to 
approximately a 20 pct correction factor and may be compensated 
for by increasing the plate spacing very slightly. 


restricted range of interest in a doughnut-shaped 
classifying region, this shape may be made conical 
with no significant error and in fact with several 
small advantages. 

Finally, consider the pressure drop due to the vor- 
tex in the classifier. Actual flow losses are small, 
since the total air flow is very nearly in a tangential 
direction and the tangential wall losses have been 
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eliminated. The only significant pressure drop is that 
due to the vortex itself and is simply 


1 1 
ap = = — ( ) 


2 2 


Ts 


Now an important figure of merit of aclas-i* of 
a given capacity capable of achieving a give: cut- 
point is the pressure drop necessary to achieve the 
required volume velocity of air, since this specifies 
the size and horsepower requirements of the blower 
or exhauster. In the free vortex classifier this is 
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Fig. 4 (upper left)—After 
powders are passed 
through the super 
classifier’s separation 
zone, the fines fraction 
is carried by the ex- 
hauster air stream toa 
collector; the coarse 
fraction is carried out 
through the air lock of 
the classifier, from 
which it is either 
returned to the mill for 
regrinding or collected 
as a product. 


Fig. 5 (above) —Close-up 
of the classifier with 
replaceable insert parts 
removed. Fig. 6 (lower 
left) —The Sharples 
super classifier is 
unusually small and 
compact. The 5-tph 
model occupies about 
the same space as an 
office desk. 


4 
If is chosen properly > will be a minimum so 


that the smallest possible blower can be used. This 


Te 
occurs when —— = 1.5, which agrees perfectly with 


the doughnut-shaped region well removed from the 
A 
center. The curve of a. 2 is shown in Fig. 3c. This 


completes the theoretical design of the free vortex 
classifier. 

The mechanical design is shown in Fig. 4. Feed 
powder is introduced into the middle of the classify- 
ing zone from the top rotating plate or wall. Parti- 
cles smaller than the cut-point are carried inward 
with the air and then down and outward again so 
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Fig. 7-—Part of the large pilot plant, in which a wide range 
of materials has been tested. 


that a significant amount of vortex pressure drop is 
recovered at the discharge volute. Coarse particles 
are thrown outward by centrifugal force and are re- 
moved by a series of coarse discharge rings leading 
to a tangential takeoff slot. The air is brought in in- 
dependently from the powder by the vane system 
shown separately in Fig. 5. Fig. 6 is a photograph of 
a 16-in. production classifier of 1-tph feed capacity. 
The overall height is approximately 33 in. 

Last, but far from least, are the test results on the 
free vortex classifier. After a preliminary check of 
the theory on a small experimental unit capable of 
about 300 lb per hr, the unit was scaled up to 15-tph 
capacity representing a scale-up factor of about 1 to 
100. The large machine performed exactly like the 
small one, again verifying the theory. The present 


Fig. 9—Particle size distribution onalysis for classification 
of a tale product. 


Fig. 8—Operating in typical powder processing plant, this 
5-tph Sharples super classifier is shown with associated 
equipment. 


production line consists of two sizes of machines 
having rotor sizes of 16 and 27 in., and feed handling 
capacities of 1 and 5 tph when producing a fine tale 
or limestone product with a 325 mesh screen residue 
of less than 0.02 pct. A 34-in. unit of 10-tph capacity 
will soon be available. Product recoveries in the 80 
to 90 pct range are normal, some applications ap- 
proaching 100 pct. Fig. 9 shows a classification very 
close to perfection on a tale product. Efficiency in 
this case was 96.3 pct. Of about 310 lb of available 
fine material in the feed, only 8 lb were lost to the 
coarse fraction. The feed rate of this particular clas- 
sification was 2 tph on a 5-ton machine. 

Although efficient classification of material on the 
basis of d\/p (particle size x \/specific gravity) is 
now a reality, it should be recognized that practical 
problems still exist for many individual process en- 
gineers. Sometimes the separation desired does not 
depend strictly on d\/p, in which case a correlation 
must be made between the required property and 
d\/p. This is a characteristic common to all air clas- 
sifiers. Problems of abrasion, contamination, chemi- 
cal activity, and possible product degradation must 
also be considered. To aid the industry in this re- 
spect, Sharples Corp. has established two pilot plants 
where particular classification problems can be un- 
dertaken on a large scale. Fig. 8 shows a part of the 
smaller pilot plant in which tests can be made at any 
feed rate up to about 1 tph. Fig. 7 shows part of the 
large pilot plant in which tests at 10 tph can be 
made. A wide range of different materials has been 
studied in these installations. 
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Subsieve Range 


Grinding and Classifying in the 


Latest development in classifying and grinding, the Lykken 


open rotor, fluid energy mill is adaptable to a wide range of 


applications. 


by William H. Lykken 


nate any material to a specified particle 
size in the subsieve range (below 200 mesh) 
presents many problems. Above the subsieve range, 
classification is a matter of sieving and screening, a 
comparatively simple process. Because particles in 
the grind have more body, they are more susceptible 
to further reduction by crushing or impact. In the 
subsieve range, a large amount of material must be 
reduced and classified to all —20 to 10 or 54, with no 
oversize tolerated. 


lin. = 25,400,. 

1 cu in. = 24,400° micron cubes. 

1 lb of material of unit (one) specific gravity = 
27.7 cu in. of solids. 


Hence, for every pound of material reduced to 
micron cubes: 


25,400° 27.7 
Sp. Gr. 


= 454,000,000,000,000 particles. 
Sp. Gr. 


To obtain the number of particles of any micron 
dimension in a pound of material, divide the above 
figure by the cube of that dimension. Then, since 
most material reduces to rounded particles, that is, 
cubes with the corners knocked off, multiply the re- 
sult by X. 

These figures constitute the problem, both in re- 
duction and classification. En masse, they represent 
a fluid, and the product must be classified as a fluid, 
highly and uniformly diluted in air. The only 
known method of classifying dry subsieve particles 
is to allow the desired particle size and finer to fol- 
low a suspending air flow, while at the same time re- 
straining the oversize from doing so. 

Obviously this calls for a high degree of dilution. 
There must be adequate space between the particles 
so that each particle can move freely within the mass 
and through it. This calls for at least one pound or 
13 cu ft of air per pound of solids. 


w. H. LYKKEN is Sales Manager, Hurricane Pulverizer Co., 
Minneapolis. 
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Adequate dilution is therefore the first factor, re- 
quiring a classifier with comparable and adequate 
volumetric capacity. 

Complete and uniform distribution of the mate- 
rial in the air as individual particles is the second 
essential, but equally important is the fact that this 
condition must be continuously maintained in the 
classifier. 

Complete aeration is the third essential. Material 
entering the classifier must be thoroughly disinte- 
grated and aerated to insure that every particle is 
surrounded with its individual film of air, and that 
condition must be maintained in the classifier. 

This is generally overlooked, so that two or more 
particles agglomerate, owing to static or other 
causes. Only an air film can individualize a particle 
and lubricate its movements. 

Principle of classification can, under the above 
conditions, be based on the drag of an airflow on 
particles suspended in the flow, which varies with 
the first power of their diameter, and centrifugal 
force, which varies as the cube of their diameter, in 
the opposite direction. 

The Lykken open rotor, fluid energy mill was de- 
signed with a classifier for subsieve classification, 
involving the considerations, requirements, and 
principles outlined above. The open rotor, fluid en- 
ergy mill consists of a horizontal cylindrical housing 
mounted, in this case, over a horizontal open rotor 
grinding or reducing mill. 

A peripheral inlet and axial outlet, multipurpose 
rotor is mounted in the classifier housing. Both 
grinder and classifier rotors are the same length. The 
classifier rotor may have an axial outlet at both ends. 

The lower or mill rotor acts as a peripheral inlet 
and peripheral discharge fan and provides a recir- 
culating flow all its own within the system. The fines 
and near fines are continuously discharged tangen- 
tially into the classifier chamber, up and over the 
classifier rotor, and back down into the discharge of 
the lower rotor. Any fines in the returns recirculate 
above the reducing rotor. Any oversize goes back 
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to the grinding rotor for further reduction. Note 
that this is a constant, self-contained, individual 
figure eight circulation, induced by the lower rotor 
as a peripheral fan and by the ejector effect at the 
top of the rotor. 

The material is fed in controlled amounts for 
the full length of the lower rotor. All the air is sup- 
plied tangentially for the full length of the classi- 
fied rotor at the top of the classifier housing. Air- 
flow through the system is provided by an independ- 
ently driven exhaust fan associated with the collec- 
tor system. 

The classifier rotor is constructed with a per- 
ipheral ring of spaced rods and an inner axial drum 
consisting of spaced annular disks. This annular disk 
drum provides a laminar inlet port, in depth, to the 
axial outlet duct. The row of spaced rods surround- 
ing this disk drum produces a classifying effect by 
an induced vortex action developed within and be- 
tween each rod. 


This rotor has many functions: 
1) Maintaining a continuously circulating load 
to be classified in the classifier housing. 

2) Providing the desi:ed contrifugal stresses 
in the rotating mass proportional to its rotative 
speed. 

3) Serving as a pre-classifier because its spaced 
rods continuously and selectively suck in all the 
fines in the material circulating in the classifier 
housing, allowing oversize to return to the mill. 

4) Maintaining a uniform distribution of mate- 
rial the full length of the rotor. 

5) Maintaining a continuous state of aeration or 
particle air film effect. 

6) Maintaining a uniform particle distribution 
in the air. 

7) Serving as an air distributor and air mixer. 

8) Serving as an essential element in the final 
classification effect. 


It has been noted that all circulating fines are 
continuously sucked into the rotor. This in-and-out 
flow, or continuous sorting, is a function of the rotor 
itself and independent of any airflow through the 
classifier. 

The particles enter the rotor at a distance in- 
versely proportional to particle size. There are no 
large particles. There is colloidal dust only to the 
point of maximum penetration. This is a matter of 
rod spacing and rotating speed, by design. 

With no air flowing through the classifier, this 
point of maximum penetration may fall far short 
of reaching the axial outlet, if the rotor is so de- 
signed. The classifier rotor, in the area between its 
rod circle and its axial drum, merely rotates with 
a core in depth of inwardly classified material— 
continuously present, continuously renewed. 

When air is drawn through the rotor, it enters 
the periphery with the recirculating airflow as ad- 
ditional and scavanger air. It will be observed that 
it enters and expands the loops of the circulating 
flow in the rotor. 

At low rate of flow, it extracts only the inner 
layers of the circulating flow—the superfine, and al- 
ways all the superfine. Then, as the flow is increased, 
increasingly larger particles are withdrawn propor- 
tional to the rate of flow. 

In this set-up it is not necessary to capture a given 
particle size the first time it gets within range of 
the outlet. All particles finer than the specified 
top size go in on the first approach, keeping the 


Fig. 1—Centripital classifier with 5-hp varispeed drive oper- 
ating at 200 to 1000 rpm. Duplex mill below. 


circulating load constantly free of superfine. The 
specified top size and the size that is nearly small 
enough continuously approach, in and out several 
hundred times a minute, until they eventually go 
in or are finally rejected and return to the mill. 

The cut size, or size of the particles passed by 
the classifier, can be varied by simply changing 
the rotating speed of the classifier, which may be 
equipped with a variable speed drive for installa- 
tions that process various cut sizes, in the same 
machine. 

For large capacities, these classifiers can be de- 
signed with rotors several feet long, discharge at 
both ends, and drums several feet in diameter for 
low specific gravity and particle size range down 
to —ly. The dimensions or volumetric capacity vary 
with specific gravity of the material and fineness of 
product. 

Operation of this classifier is a sequence of con- 
trollable, well defined aerodynamic effects. Its classi- 
fication is progressive. All superfines, that is, mate- 
rial finer than the specified top size particle, are 
instantly withdrawn. The top size is repeatedly 
tested before it is allowed to pass. Its precision clas- 
sification depends on check and double check of the 
largest permissable particle. 

Where only classification is called for—such as 
extraction of the finer fraction from material pre- 
ground by some other means—the set-up remains 
the same except that the high-speed grinding rotor 
is replaced by a relatively low-speed disintegrating 
rotor. The principle of operation remains the same 
except that the oversize is progressively and con- 
tinuously withdrawn from the bottom of the mill. 
This can be automatically controlled with little or 
no loss of the desired finer fraction. The grinding 
section of the mill was developed particularly for 
reduction of material in the subsieve particle 
range. 
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It will be noted, in the first place, that the rotor 
operates with a running clearance of 2 in. or more 
and with a highly fluid mill load, not over one part 
solids per ten parts air by volume. There is no 
grinding of mass material on mass material. 

The rotor used is the Lykken closed-end rotor, 
which has a self-induced partial axle vacuum and 
an intense intra-blade vortex action. The rotor is 
operated at relatively high speed. Each time the 
larger particles enter the rotor and discharge from 
it, they are progressively reduced by impact with the 
rotor blade. As the material gets finer, it reduces 
by particle on particle attrition in the intra-blade 
vortex action. This is fluid energy grinding. Most of 
the energy applied to the rotor transforms into this 
intra-blade vortex action and its high intensity. 

This is the most effective fine grinding principle 
known. There is no heat-generating mass circula- 
tion of material at ineffective energy levels. 

Equally important, especially in the subsieve 
range, is the constant and instantaneous removal 
of the wanted particle size (and finer) from the 
grinding area. Very few seem to know and appreci- 
ate that the actual energy required to fracture the 
material, that is, the actual energy required to pro- 
duce even the hundreds of square miles of surface 


in a ton of subsieve material, is only a few kilowatt- 
hours per ton, 5 pct or less of the power input. 

That is, of course, implying that mill efficiency is 
ridiculously low, and it is—less than 5 pct. Most of 
its energy transforms into heat. It is chiefly a brak- 
ing and not a breaking device. In every mill most 
of the energy is lost, transformed into heat by this 
braking effect. And most of the braking effect is due 
to finished product and finer in the grinding area. 
In subsieve grinding even a trace can reduce mill- 
ing efficiency 50 pct and continue to cut it 50 pct 
as fines accumulate. 

There are endless types of mills, some better 
adapted than others for a given material and pro- 
duct, but all depending on continuous and com- 
plete scavenging. 

There is no best mill, and no best principle of mill 
reduction. There is only a best method of operating 
a mill, and that is to maintain it completely free of 
finished product, except that which is on its way out 
the fastest way it can get out, and by the shortest 
path. 

In mill design this constitutes 90 pct of the diffi- 
culty. In the open rotor mill the fines are contin- 
uously discharged the full length of the rotor. That 
is why an open rotor is used, and that is why a 
highly fluid mill load is required. 


Fine Particle Classification 


Drag, eddies, and turbulence along the boundaries of classi- 
fication chambers have been surmounted by new methods of 


air classification. 


by Alan R. Lukens 


of powdered material may be classi- 
fied according to particle size, shape, or specific 
gravity. Particle sizing, sometimes called tailoring, 
increases the usefulness of powdered materials in 
many industries. Particles larger than a specific 
size are detrimental in paints, paper, plastic, rubber, 
printing ink, and insecticides. Particles smaller 
than a specific size are detrimental in flour, drugs, 
paint, paper, and plastics. Well tailored particles 
are now proving valuable in the radio and televi- 
sion industries and in sound reproducing mecha- 
nisms. The machine tool industry finds it valuable 
to have exact sizing of the powders comprising cut- 
ting tools. New uses are being found for sized pow- 
dered fuels for rocket propulsion, for explosives, and 
for aeronautics. 

Each use may present a specific problem in sizing. 
Dry sieving is a common method of sizing down to 
about 70 mesh, i.e., a little over 200u, but sieving 
particles smaller than this becomes progessively in- 
efficient if exact sizing is desired. 


A. R. LUKENS is President, Lukens Laboratories, Newton, Mass. 
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Until a few years ago, air classification seldom pro- 
duced a satisfactory fractionation below 454 (325 
mesh). Only within the last five years has efficient 
air classification down to 10u been available. Re- 
cently air sizing to 3 or 4, is possible. 

The present article is concerned with this new 
scope of efficiency and, particularly, with the advan- 
tages and disadvantages of air as the classifying 
fluid. 

Centrifugal Classification in Water: About 20 
years ago introduction of the continuous classifier, 
which used water, opened new areas of usefulness 
for more precise sizing of subsieve particles. Today 
several hundred thousand tons of finely particulated 
and sized powders are produced annually, advanc- 
ing the quality of plastics, fabrics, paper, paints, 
rubber, insecticides, and pharmaceuticals. Produc- 
tivity of wet grinding mills has been doubled by the 
wet centrifuge. But water classification has limits. 

To obtain precise sizing the discharge from the 
mill is best achieved with dilution. The overflow, or 
effluent, becomes even more dilute in proportion to 
the product sought. The underflow, or rejects re- 


‘ 
« 


Figs. 1 and 2—The two fractions produced from fibrous talc 
through the Mikroplex air classifier. 


turned, is often so dry when discharged :rom the 
wet centrifuge that it must be diluted to facilitate 
further handling, for example, transport back to 
the mill. 

Although this dilution of rejects involves no great 
expense, the dilution of the effluent does indeed in- 
volve an increasing cost, because of the present ad- 
vancing cost of fuels necessary to evaporate the un- 
wanted water about the powdered product. Time 
and time again, in their search for a less expensive 
process, manufacturers of fine particles considered 
using air. 

Centrifugal Classification in Air: Here in the 
U. S. some advance in the use of gases—not only 
for grinding but also as a medium for classification 
—came with the introduction of fluid energy, or jet 
milling, in the 1930's. 

Many people using the fluid energy mills seem 
unable to comprehend that the great turbulence, 
advantageous for reduction of particle size (grind- 
ing), is also a disadvantage in precise sizing. 


A high-speed pneumatic classifier of limited 
throughput was developed in the 1940’s, but its ro- 
tational speed and capacity were restricted because 
of the limitations of structural stress. This device, 
which would size certain products to about 25y, suf- 
fered in precision of top sizing because of induced 
turbulence in the classifying chamber. 

This summarizes the status of this art in the U. S. 
up to 1952, when a new and highly intelligent ap- 
proach to efficient sizing was disclosed by Hebbs, 
whose invention U. S. 2,616,563 was assigned to 
Sharples Corp. 


Four Problems of Evaluation 

U. S. engineers are presently confronted by four 
dominant problems when considering classifiers for 
fine sizing: 

Should present equipment be replaced? 

@ Do the present classifiers cushion the grinding 
mills? 

e Is the product sufficiently free of gritty over- 
size? 

e@ Are fuel expenses for evaporating too high? 

e Are fuel transportation expenses too high? 

e Must licensed engineers continue to supervise 
unnecessary heat generating plants? 

@ Do present pneumatic classifiers necessitate 
handling excessive volumes of air when fines are 
collected? 

@ Does excessive air disperse some of the fine 
product? 

What is the best method of evaluating a classifier? 

e@ Send a sample of the particulate that is to 
be sized to the manufacturer, requesting an opin- 
ion as to its sizability in his classifier. If he re- 
turns a favorable opinion, request conditions under 
which a pilot plant test may be made to produce 
a series of fractions having specific size limitations, 
or size limitations suggested by the classifier manu- 
facturer. 

@ Request that he produce a quantity of each 
fraction for subsequent investigation. 

@ Request particle size analyses of feed, rejects, 
and product. 

e@ Request an analyses of the calculated effi- 
ciency, showing the percent of feed in the product 
and the rejects. 

e Ask how much power will be used to classify 
each ton of throughput. 

@ Request an opinion as to the potential circu- 
lating load should this classifier be integrated with 
the grinding or milling system. 

e It is advisable to inquire how long the man- 
ufacturer has been making air classifiers. Find out 
how many machines he has in service and what 
companies are using them. 

e@ Ask whether or not the classifier manufacturer 
can make a test in the size of production machine 
that is to be installed. 

e@ Ask whether or not it is possible to adjust 
the classifier while it is in operation. This is im- 
portant in maintaining continuity of circulating 
load. 

@ Does the classifier have moving walls? If so, 
does it infringe the Alpine patent? 

When the classified products are returned how 
should they be evaluated? 

e@ A small quantity placed under a microscope 
will not give a reliable picture of the top sizes. In- 
stead, disperse about 10 g in water, or some other 
fluid that will not dissolve the powder. Use also 
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a small quantity of a suitable dispersing agent. Put 
the powder and liquids in a test tube, shake well, 
and allow it to settle until there is an accumulation 
of the larger particles in the bottom of the test tube. 
Decant the supernatant suspension, redisperse the 
sediment, and again allow it to settle. Repeat these 
operations several times, doing so until the super- 
natant liquid is reasonably clear, signifying that 
most of the fine particles have been removed. Then 
measure the sedimented large particles under the 
microscope. They represent the true top sizes. 

e If the kind of testing equipment that will be 
used by a potential customer is not available, send 
samples to an experienced research laboratory that 
will make recommended tests. If the product is in- 
ferior in quality to that of competitors, go back to 
the company offering the classifier for further rec- 
ommendations as to the machine. If the product 
proves superior, it may be wise to ask an exper- 
ienced research organization what test data will 
help the sales effort. The research organization may 
make useful recommendations that have not pre- 
viously been considered. For example, a customer 
may be selling his powdered material to a paint 
manufacturer as a pigment. This manufacturer, 
like many others in the paint industry, may have 
been forced to reduce oversize grit on his own mills 
to produce a smooth paint. This unnecessary mill- 
ing is costly to the paint maker. It is additionally 
costly if during milling the color of his paint is de- 
graded by metallic pickup from mill rolls. The 
paint maker may have to compensate for this by 
additional pigments. These add to his costs. 

e Ask about the availability of newly developed 
fast test procedures. An experienced organization 
may have developed an invaluable rapid control 
with which to obtain an uniform product. 

Will more efficient classification increase grinding 
mill productivity? 

It has long been known that a mill operates 
inefficiently when cushioned by an accumulation of 
fines. If a ball or pebble mill is being used for dry 
milling, the process may be slowed by ball coating. 
Frequently this ball coating may be minimized, if 
not entirely prevented, by using a high circulating 
load and by using an efficient classifier, which will 
not return a high proportion of undesire le undersize 
to the mills. Likewise, if the undersize is costly, 
quick and efficient removel should aid mill produc- 
tivity. 

A New German Air Classifier 

While investigating the Hebbs classifier, the au- 
thor learned of a similar classifier that had been 
manufactured in Germany for several years. He 
was told that at least two U. S. manufacturers of 
pneumatic classifiers had gone to Germany seeking 
manufacturing privileges. 

The Americans seeking the rights to this new 
machine were told that introduction of the new 
classifier in the U. S. market awaited issuance of 
U. S. patents then in process. The German manu- 
facturers also believed that they themselves could 
manufacture economically and thus compete with 
the best the U. S. could offer. The Americans were 
reminded that U. S. policy favored rebuilding the 
economic strength of western Germany. Thus for 
the time being manufacture was preferred in Europe, 
where there was a ready market for all the classi- 
fiers that could be produced. 

In 1954 the author had been retained to develop 
more precise classifications of a fibrous talc. Class- 
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Fig. 3—At left is theoretical logarithmic spiral. Here the 
100-u particle is rejected, the 10-« particle carried through. 
The 15, 30, and 45-u particles would rotate indefinitely. At 
right is what Rumpf calls an Archimedian spiral, actually 
formed by the particle entrained air stream. Here the 45-u 
particle is rejected. The 30-« particle is critical and the 
15-u particle is carried through into fine fraction. 


ification of this material is particularly difficult 
because it comprises particles that are granular, 
flaky, and fibrous in shape. The author had ob- 
tained test runs on the American-made devices, 
with one exception—that made by the Hurricane 
Pulverizer Co. In Augsburg, Germany, he was per- 
mitted to observe a quantity trial test run upon the 
same fibrous talc previously tested in the American 
classifiers. Results were better than any obtained 
on this same powder in conventional classifiers. 

It was surprising to learn that techniques appar- 
ently new in America had been explored as early 
as 1939 by Hans Rumpf. 

The research by Rumpf had been extraordinarily 
thorough. The reader is referred to it for details.’ 
Here in part is the procedure used by Rumpf, to- 
gether with his findings. 

Rumpf’s Research in 1939: Rumpf wisely preceded 
the dissertation on his research with a discussion of 
boundary limits of particle sizes. Instead of bound- 
ary limit, he preferred the term trenngrenze. 

“Unfortunately,” says Rumpf, “there is no agreed 
definition for this characteristic evolving from the 
separation of a powder into two sizes above and 
below a certain boundary limit. The most easily 
comprehended definition is that proposed by Dr. 
Theodor Eder who says, ‘The boundary size (trenn- 
grenze) is the particle size at which the probability 
of a particle entering either the fine or coarse 
fraction is similarly great.’ ”” Rumpf continues, “Nec- 
essary computations are involved and difficult. For 
everyday work, an understanding of close sizing 
may be clarified by considering other definitions 
which have been given to this trenngrenze, i.e., 
boundary limit.” These definitions are: double 
point, largest in fine fraction, residue from sieving 
of fines, point of unwarranted stray particles in fines, 
and percentage of coarse in fine or vice versa. 

Rumpf also stated, “Whichever definition is used 
should always be specified. This is particularly es- 
sential when considering particulates which have 
a shape varying greatly from a sphere.” 

Rumpf devised a pneumatic classifier to investi- 
gate the conditions of particle separation that took 
place in a cylindrical chamber of varying diameter 
and upper and lower walls of varying distance 
apart. He constructed this apparatus to test the laws 
pertaining to the separation by air of a finely sized 
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powder into two fractions above and below a pre- 
scribed trenngrenze, or boundary limit, with: 


d= boundary limit, or trenngrenze. 

g = force of gravity at sea level. 

n = viscosity of air during test. 

$ = specific gravity of the powder under test. 

R = outer radius of chamber. 

V = volume of air per unit of time. 

H = distance between upper and lower walls. 
cotg. « = cotangent of the angle of the air spiral. 


Rumpf established the following work- 
ing formula: 


36n-g.n. 
d=} x R2\/ —cotg. 
s V 
Thus for a use of air with a given particulate the 


36n-g.n. 
expression: fn is a constant value, K, 
s 


which simplifies the formula to: 


d K.R.\/ cote. « 


From this ideal formula the following conclu- 
sions become apparent: 

R—the larger the radius the coarser the trenn- 
grenze, d. 

H—height, i.e., distance apart of the upper and 
lower walls. Having in this formula a square root 
functional value, H would have a minor influence. 
The larger the value of H (as Hebbs claimed in 
1952) the coarser the particle size at the separation 
boundary, d. 

V—the volume of air, being an inverse function, 
likewise proves to be of less effect than, for example, 
cotg. «, which is in direct proportion and thus is 
more influential. Rumpf chose this function as being 
easiest to control. In his test work he confirmed the 
influence of these factors. 

In his plan of investigation Rumpf decided to use 
as a variable the inclination of the spiral, i.e., cotg. 

«, which appeared easiest to control. He would 
then note the interrelation of the other constants. 
This formula is theoretically sound for a logarith- 
mic spiral. Such a spiral is the theoretical path of 
a particle in air when vortexed in a cylindrical 
chamber. 

Theoretically the logarithmic spiral will show 
equilibrium for a range of particle sizes even when 
the tangential separation factor cotg. « varies. 

In one of Rumpf’s test chambers the radius at 
the exit post was 25 mm and the radius at the 
perimeter was 100 mm. If the law of formation 
of a logarithmic spiral were to be sound, then at 
25-mm radius 7y particles of the powdered quartz 
would be in equilibrium and at 100-mm radius, 274 
particles would also find equilibrium. Thus the 
trenngrenze would cover the wide range of sizes be- 
tween 7 and 27 z. 

Again, if these particles did actually follow a lo- 
garithmic spiral, then there would ensue a progres- 
sive accumulation of particles having diameters 
between 7 and 27y. Theoretically particles smaller 
than 7% would leave the chamber at the center exit 
and those larger than 274 would be tangentially 
discarded towards the outer walls. 

However, Rumpf found that there was a single 
trenngrenze of about 8u. Thus Rumpf proved that 


when particles are entrained in an air stream, 
this stream of air particles follows the Archimedian 
spiral path rather than the logarithmic spiral path. 
This he proved repeatedly. 

Study of Rumpf’s dissertation makes it evident 
that he had not, at that time, devised a means of 
minimizing wall turbulence, which was later rem- 
edied by rotating the upper and lower walls of the 
cylinder. This he and Fritz Kaiser discovered in 
due time, and they were granted patent protection 
in Germany and in the U. S. 

The dominating factors controlling the spiral of 
air and particles as discovered and disclosed by 
Rumpf were: 


1) Steepness of the spiral path. 

2) Volume of air and particles transversing the 
spiral in a given time. 

3) Quantity of particles entrained in a given 
volume of air. 

4) Adjustment of exit size. 

5) Radius of separating chamber. 

6) Introduction of secondary air through reject 


7) Distance between upper and lower walls. 


Rumpf was apparently the first to prove the prin- 
ciples revealed by Hebbs, i.e., that compressibility 
of air is most effective at smaller radii and that this 
in turn increases the radial component of the air 
velocity, which in turn drastically increases the 
force of separation. It should also be remembered 
that Rumpf’s findings predicted that the closer the 
top and bottom walls, the finer the separation. 

The Mikroplex Classifier: This classifier is de- 
scribed functionally in a patent issued to Hans 
Rumpf and Fritz Kaiser of Augsburg, Germany. 
Priority in use in Germany is claimed as of Oct. 1, 
1948. Application for patent in the U. S. was filed 
Aug. 16, 1950. The title of the patent issued Nov. 
16, 1954, under U. S. Patent No. 2,694,492 is “Method 
of and Apparatus for Classifying Materials in Liquid 
and Gaseous Media.” Assignment of the patent was 
made to Alpine A-G of Augsburg, Germany. Alpine 
A-G, organized in 1898, has manufactured air classi- 
fiers for 20 years and grinding mills for more than 
50 years. 


Fig. 4—Air intake at 1, powder intake at a. Air spirals are 
formed by adjustable vanes c. Classification is in chamber b, 
between walls n and o. The fines exiting through g are in- 
duced by the fan h. Rejects leave at d, removed by screw e, 
and are discharged through f. Fines pass out through i. 
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In the Mikroplex classifier, disclosed by Rumpf 
in this patent and made by the Alpine A-G, the au- 
thor found many advantages: 

1) Easy accessibility to the separating chamber. 

2) Easy cleaning. 

3) Easy replacement of parts. 

4) Acclever means of keeping the narrow spaces 
between moving and stationary parts perfectly 
clean. 

5) A simple mechanism whereby a series of air 
spiral controlling vanes could be synchronized. 
These vanes could be adjusted to wide latitude of 
degrees and locked in place while the machine was 
in operation. 

6) Very little floor space requirement. 

7) Low power demand for a given throughput 
of powder being classified. 

8) Only 20 to 22 cu ft of air to process 1 lb of 
powder of about 3 sp gr. 

The author was shown a means of applying lin- 
ings to parts subject to abrasion. Tons of extremely 
abrasive particulates such as corundum were pro- 
cessed with negligible wear on the machine. Rec- 
ords confirmed use of a machine for almost one 
year, for this purpose, without replacement of lin- 
ings. 

It was demonstrated that as the oversize par- 
ticles are thrown tangentially to the periphery, 
the direction of the stream causes them to move con- 
tinuously towards the exit port. Here they cascade 
from vane to vane. The incoming air washes these 
traveling rejects repeatedly, effectively cleansing 
them of adhering fine particles. The walls of the 
classifying chamber rotate in the direction of the 
induced spiral of air and powder. 

Returning to the U. S., the author visited a fac- 
tory where 13 Mikroplex separators were being given 


24-hr use 7 days a week. Only one operative was 


used to police all of these machines. Repair and re- 
placement costs were negligible after 24% years. 
These machines had entirely displaced the in- 
stallation of a centrifugal wet classifying system 
devised and widely used in the U. S. because of the 
economy in drying, power, and labor expenditures. 
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Mikroplex classifiers are available in various 
sizes. The number designation represents the size 
of the classifying chamber in millimeters. Thus 
the 132-MP will be found to have a chamber 132 
mm in diam. 

These classifiers are built of steel. Castings are as 
smooth as many American machine surfaces. Mov- 
ing parts are machined to high precision and hand 
finished when assembled. 

A simple hand lock permits easy opening of the 
classifier. The operating chamber is exposed by 
swinging back the front mechanism, much as an old- 
fashioned watch is opened. The machine may be 
closed and locked so securely that no subsequent 
leakage occurs. 

Although the classifying chamber of the 132-MP 
rotates at 12,000 rpm, if the walls of this chamber 
are abruptly twisted back and forth, there is no 
backlash. 

Various feeding mechanisms are available, one 
with an adjustable vent. Vibration prevents arching 
of the feed. The feeder is motivated by the same 
drive that operates the classifier rotor. 

The rotating walls of the classifying chamber may 
easily be removed. Behind these walls is the inte- 
grated fan mechanism, which furnishes the suction 
that in turn aspirates the air and powder through 
the classifying chamber. 

It is possible to obtain these classifiers with stain- 
less steel surfaces. Absolute sterility may be ob- 
tained by using steam in a closed system, which can 
be provided. 

Explosive dusts may be classified by using an 
inhibiting gas in a closed installation. For additional 
safety the classifier can be built to withstand the 
pressure of an explosion. 

For classifying sticky or adherent powders an 
ingenious wide chamber model is now being placed 
on the market. 

Not mentioned in a descriptive brochure is the 
availability of supplementary linings, which permit 
classification of the most abrasive powders made by 
industry. In tests conducted in the author’s labora- 
tory, tons of such powders have been processed 


Fig. 5—Mikroplex 400 
classifier opened for in- 
spection. Classification 
takes place between the 
two polished rotating disks 
to the right. A particle 

is classified in less than 
1/20 of a sec. 
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Fig. 6—Alpine Mikroplex classifier 400 MPVI. This vertical 
axis classifier has a separation chamber enclosed between 
rotating walls. The vortex plane is horizontal. Adjustment of 
vortex spiral is obtained by use of adjustable vanes. Feed 
enters from above. The top rotating wall is used as a dis- 
persion plate. 


without harmful wear. These same linings permit 
classification without discoloration of the whitest 
pigments. 

Micrographs showing examples of separation of 
limestone powder, organic pigment, carbonyl] iron, 
quartz, graphite, carborundum, cement, sugar, an 
adhesive pharmaceutical, and a fibrous sawdust are 
shown in this brochure. Classification is sharp and 
clean. Separations are shown to below 10,. 

The horizontal models 132-MP, 400-MP, and 800- 
MP are widely used in the chemical industries. 
Classification is made on powdered plastics, pig- 
ments, insecticides, intermediary products, pharma- 
ceutical powders, metal powders, sugar, wheat 
flour, wood flour, and abrasives. These horizontal 
models’ are best qualified for the ultrafine classifi- 
cation. Production to 6 tph within the coarser 
limits has been obtained. 

By increasing the size of the classifying chambers 
it is possible to obtain more than 6 tph. Such an in- 
crease decreases the separating power. To do so, 
with parallel increase in the air necessary, requires 
design into a recirculating air classifier. Generally, 
in this type of machine it has been impracticable to 
obtain clean separation from large air volume. 

Another requirement was to obtain exact separa- 
tions in the coarser field with higher throughput 
figures at less cost for the machinery. 


Fig. 7—Alpine Mikroplex horizontal classifier 132-MP. Mov- 
ing parts are machined to high precision and hand finished 
when assembled Although the classifying chamber rotates at 
12,000 rpm, if the walls of this chamber were to be twisted 
abruptly back and forth, there would be no backlash. 


The Vertical Axis Classifiers: This classifier 
handles up to 12 tph and discharges coarse and time 
fractions without an additional filter system. This 
model, known as the MPVI, has a _ separation 
chamber enclosed between rotating walls. The 
vortex plane is horizontal. Adjustment of the vor- 
tex spiral is obtained by use of adjustable vanes 
placed circularly. Feed input is from above. The 
top rotating wall is used as a dispersion plate. 

Immediately below the separation chamber is the 
fan, connected directly to the lower wall of the 
chamber. This fan motivates the air stream. Under- 
neath is the cyclone used to separate the fines 
from the air stream. The true solution for difficul- 
ties, typical in vertical axis classifiers, consisted in 
using this fan system as a two-stage air system with 
interconnecting chambers. The cyclone is placed 
between the two stages. 

The cyclonic air stream passes the fan and re- 
enters the classifying chamber as classifying air 
through the guiding vanes. At the same time, this air 
stream agitates the coarse material, which drops 
downwards in a helix. Thus the air has a very short 
cycle within both the classifying chamber and the 
cyclone. The stream thus maintains its rotational 
velocity, and this in turn reduces power demand. 
This air circuit, which does not waste either air or 
power, promoted efficient sizing of large quantities 
of material. 
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Table |. Types of Mikroplex Classifiers 


With Horizontal Axis Power 
Demand, 
Separation Kw, with 
Size, d, in Through- Rotation Drive 
Type Microns* put, Tph Speed, Rpm Motor 
132 MP 3 to 15 0.05 to 0.2 12,000 2.2 
400 MP 8 to 35 0.5 to 0.25 1400 to 2800 4 to 35 
800 MP 10 to 40 12to3 1400 to 2000 12 to 35 
With Vertical Axis 
400 MPVI 15 to 60 0.5 to2 1400 to 1800 2to15 
1000 MPVI 15 to 90 3to12 560 to 1120 6 to 35 
1600 MPVI** 


* Within these sizes. 

** This size of machine, projected and under test, will not be put 
on the market until it is thoroughly satisfactory productionally. De- 
velopment of high throughput machines cannot be satisfactorily 
projected by simple increase in dimensions. 


The Wide Chamber Mikroplex: A recently de- 
veloped model for classifying fast-settling and 
sticky powders uses the principle of the wide cham- 
ber, a development perfected over many years of 
experiment. 

Conversion of Cut Size: Special tables for setting 
the cut size are supplied with the machine. The cut 
size obtained at a certain setting of the guiding 
vanes of a classifier depends largely on the physical 
characteristics of the feed material (shape and den- 
sity of particles, etc.). Secondly it depends on the 


definition of particle size (equivalent spherical dia- 
meter, microscopic measurement of length and 
breadth of particles, etc.). It also depends on the de- 
finition of the cut size, which may be the average 
particle size of the product or the top particle size.* 


*The definition of cut size used in Table I is the dimension 
(microscopic evaluation) of that particle for which there are eq 
possibilities to reach the coarse and fine side of the product. 


(Trenngrenze or boundary layer). 


With materials that differ widely from spherical 
shape it is, of course, more difficult to define particle 


sizes. 


Part 2 of Table I gives values found in practical 
separation for the different materials shown. 
The influence of shape, size, and weight of the 
particles upon the cut size d can be represented ac- 
cording to Table II by the formula: 


d= 


sp. gr. 


d,— cut size of standard material. 
d —cut size of material to be tested. 
F —deviation of particle shape from sphere. 


Noe 


p. gr. 


terial, is represented by K in Table II. 


Table II. Influence of Particle Size, Shape, and Weight Upon Cut Size 


which is constant.for the same ma- 


PARTICLE SHAPE) SPHERICAL CUBICAL | ELONG CUBE | SPLINTERS FLAKES ACICULAR FIBROUS 
4 
— 
VIEW 
‘ === 
DIMENSIONS \| VIEW = 
REL. TO SPHERE Fal F=1.9 F=2.0 
|GREATEST LENGTH { 1.7 2.0 3.0 AVG FLAT DIAM 3-6 5-50 
K=1.4 K=1.8 K=2.4 K=2.8 K=4-68XAVG F.0D. |K=4- 8XLGTH K=8- 7OXLGTH 
CARBON WOOD FLOUR 
OS SP. G.=0.6 SP.G.=0.7 
K= 4XD. K=4-40X LGTH 
K=1.3 K=1.7 K=2 K=3-6XAVG D. K=3-6XLGTH | K=6-50XLGTH 
0.7 
= POLY VINYL- ORGANIC RESIN CELLULOSE 
= 1.0 CHLORIDE PIGMENTS SP.G= 1.1 SP.G.= 1.6 
SP.G.=1.2 K=1.3 K = 3XLGTH K=30X LGTH 
2 
K=o7 K=0.9 K=1.2 K=1.4 K=2-4XAVG D. K=2-4xXLGTH |K=4-35XLGTH 
> 1.4 
LS LIME STONE QUARTZ ALUMINUM BRONZE TALC 
SP.G.=2.7 SP.G.= 2.65 SP.G.=2.7 K=3XD.| SP.G.=2.7-2.9 
« K=1 GRAPHITE K= 2XLGTH 
wi SPG=2.2 K=4XD. 
$ K=0.5 K=0.7 K=0.9 K=1.0 K=1.5-3XAVG D. | K=1.5-3XLGTH K=3-25XLGTH 
MOLYBDENUM 
z MOLYBDENUM | ZIRCONIUM OXIDE BARYTES MICA DISUL FIDE 
«a SP.G.= 5.57 SP.G.=45 SP.G.=3 SP.G.=3.12 
re) K= 3X0. K=3XLGTH-0.7 
> K=08 K=0.8 WIDTH 
5.7 
z K=0.35 K=0.45 K=0.6 K=0.7 K=1-2XAVG D. K=1-2XLGTH K=1.5-12XLGTH 
8 POWDERED IRON 
2 | SPG.=7.8K=6 
SPONGY IRON 
neue SP.G.=xXx K=1-2 
K=0.25 K=0.35 K=0.4 K=0.5 K=0.7-1.5XAVG D. | K=0.7-1.5XLGTH | K=1.5-12XLGTH 
6 — TUNGSTEN... SP.G.=19.2 
| K=0.7XD. 
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Density (specific gravity) of the classification is 
the actual density of the solid mineral particles and 
not the bulk density of the powder. When nonsolid, 
spongy, or cellular particles are to be classified ap- 
ply the apparent gravity of a representative par- 


ticle, but do not apply bulk gravity of the powder 
as a whole. 
Reference 


‘Hans Rumpf: Zur einheitlichen Kennzeichmung der Trenn- 
scharfe Montanzeitung, Wein, September 1951, pp. 163-5. 


Discussion of Air Classification Symposium 


Special Note—During a general discussion period 
following the symposium, the three authors in general 
agreed that: 1) discussions of efficiency and of par- 
ticle size can frequently be misleading, and therefore 
the method of test and language must be carefully de- 
fined, and 2) only careful pilot and commercial equip- 
ment tests, tailored to the products and conditions de- 


sired, can yield the absolute answers. 
ment is available at the authors’ laboratories. 


Discussion of article by R. E. Payne 


Nelson Severinghause—Cons. Quarries Corp. 

Question—What are the power requirements on the 
Sharples classifier? 

Answer—On a 10-tph (feed) classifier on tale the 
power requirements are approximately 40 hp, 
roughly proportional to feed rate. 


Robert Schoemaker—Electro-Metallurgical Div., 
Union Carbide Corp. 

Question—Can the Sharples classifier be used on 
metal powders? 

Answer—Yes, in general the characteristic quantity 
in a machine of this sort is the particle diameter 
times the square root of the specific gravity, i.e., 
the higher the specific gravity the finer the pos- 
sible cut-point, and you can actually obtain finer 
products from a denser feed. We have looked at 
the abrasion problem, and we have abrasion re- 
sistant liners for all the critical parts of this ma- 
chine, of tungsten carbide, steel, stainless steel, 
stellite, etc., which are easily replaceable. We have 
been running a 10-tph classifier for six months 
now on semi-abrasive material such as talc, and 
on stainless steel liners have taken off less than 
0.001 in. of metal. Since the material stays in the 
classifier for only one or less revolutions, we feel 
that the abrasion problem is a minor one. 


Parker Pitts—Concord Mica Corp. 

Question—Have you tested mica? 

Answer—No, we have tried needle-shaped material, 
and plate-like clays. The shape certainly affects 
the cut point and the machine must be set ac- 
cordingly. Different initial machine settings must 
be determined for different shaped materials for 
the same cut point. 


James Harris—H. T. Campbell & Sons 
Question—What would your efficiency be while pro- 
ducing a 99.8 pct — 325 mesh product? And what 
would the top particle size in the product be? 


Such equip- 


Answer—Very high. The efficiency does not start to 
drop off until we get finer than 99.99 or 99.995 pct 
— 325 mesh. The top size particles are frequently 
low-density impurities and the top particle size of 
the material itself would not be over 50 to 60,4. It 
is hard to analyze such small quantities of ma- 
terial. 


James Harris—H. T. Campbell & Sons 
Question—What would the efficiency be on a lig 
top size product? 
Answer—Subsieve particle sized terminations will 
vary from one analyzer to another. Roughly, the 
efficiency would be in the 80 to 85 pct range. 


Chester Rowland—Allis-Chalmers Mfg. Co. 

Question—What would the effect of the classifier be 
when in closed circuit with, say, a ball mill? 

Answer—The Sharples classifier would cause a 
marked reduction in the circulating load, from 
10/1 to 20/1 for a fine product or 2/1 for a coarse 
product, we would now expect only 20 to 50 pct 
circulation. This in general raises the grinder effi- 
ciency and is desirable. 


Mr. Hobby—Pittsburgh Plate Glass Co. 
Question—Have you operated on a hammer or roller 
mill feed with, say, 40 pct —325 mesh? 
Answer—Yes, as low as 10 pct —325 mesh. The char- 
acteristic of the classifier is that the cut-point is 
completely independent of feed rate or feed par- 
ticle size distribution. 


Mr. Andrews—General Aniline Dye Corp. 
Question—How do you adjust the cut-point? 
Answer—There are two factors, the angle of the out- 

side vanes (an easy setting) and the rotational 
speed of the walls, which requires a drive speed 
change. These must both be changed in the proper 
ratio. Air throughput stays consiant for a given 


ity. 
(Continued) 
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A. L. Hall—Cabot Minerals Div., Cabot Carbon Co. 

Statement—On pilot plant work we find that open 
circuit grinding and/or open circuit classification 
give entirely different product particle size distri- 
butions than when both are in closed circuit. It is 
our feeling that the air classifier people could 
greatly assist their potential customers if they had 
closed circuit equipment in their laboratories. 

Retort (by Payne)—Would you not need many dif- 
ferent types of grinding mills? As the classifier 
efficiency increases, the circulating load decreases, 
and the problem becomes one more of milling. 


Comment (by Hall)—Naturally it would be nice to 
have several types of mills. Overall though, it is 
our opinion that the classifier is of prime impor- 
tance and that the general effects and data from 
closed circuit testing would be extremely helpful. 

Comment (by Payne)—You have a very real prob- 
lem here. It is true that as classifier efficiency is 
increased, over-grinding is minimized, and a mini- 
mum of superfines (while still having a product 
below the desired cut-point) results. We will un- 
dertake a closed circuit grinding system in our 
pilot plant. 


Discussion of article by W. H. Lykken 


Wallace Jarman—Separations Engineering Corp. 
Question—How rapidly do the disks of the Hurricane 
wear? 
Answer—The wear on the Hurricane disks is practi- 
cally none. 


Joseph Harris—Gamble Corp. 
Question—Can you cite some specific actual operat- 
ing data for the Hurricane operations? 
Answer—Being a consultant for Pillsbury Mills, I 
am not free to mention cut points or percentages, 
however, 40 tph is typical on flour. 


David Munsell—G,. L. Cabot Inc. 
Question—Could you give any cut-points for other 
materials such as talc? 
Answer—On talc we have cut at lu, with a 50 to 60 
pet extraction, while feeding at 2 tph. 


Harry Kidwell—Reduction Engineering Corp. 
Question—By what method does that talc test lu, 
and what was the top particle diameter? 
Answer—One micron by Fisher subsieve sizer and a 
substantial top size of 20u. 


Parker Pitts—Concord Mica Corp. 
Question—Are you able to get a clean separation on 
a flaky material such as mica? 


Answer—Our experience with materials other than 
flour and tale has been quite limited, and since 
1951 patent problems, particularly in foreign coun- 
tries, have limited our use of advertising and pub- 
lishing of papers, etc. 


Fred Kuehl—International Tale Co. 
Question—What is your maximum allowable feed 
size? 
Answer—This is not critical. We have thrown hand- 
fuls of %-in. gravel into the machine while feed- 
ing talc and the gravel falls out with no effect. 


Mr. Stewart—U. S. Army 
Question—What horsepower and rotor speed are used? 
Answer—We operate at motor speed of 1750 rpm, 
utilizing a 100-hp motor. 


A. L. Hall—Cabot Minerals Div., Cabot Carbon Co. 

Question—Do you have pilot plant facilities for 
closed-circuit grinding and classifying tests for 
prospective customers of your equipment? 

Answer—At the present time, no. We do have one 
horizontal classifier and some crushing equipment 
and expect soon to have a vertical machine in our 
laboratory. 


Discussion of article by A. R. Lukens 


Nathan Millman—J. M. Huber 

Question—Have tests been made with Mikroplex on 
kaolin? 

Answer—Yes. On one form we have had good re- 
sults; on another which tends to pack on the side 
of the machine we have referred to the German 
manufacturers, who have another machine which 
they believe will work on this type. 


Frank Beggs—Carbola Chemical Co. 
Question—Can you give some data on the separating 
efficiency on talc? 
Answer—Rather than go into detail now, I have a 
paper which discusses this thoroughly which I will 
be happy to send to you. 


A. L. Hall—Cabot Minerals Div., Cabot Carbon Co. 
Question—On the several slides showing fine and 
coarse Mikroplex products, were both the fine and 
coarse products made simultaneously in one pass 
on the one machine with one set of adjustments? 
Answer—Yes, they were made at the same time. 
This is a one-operation machine; you put in one 
feed and get two products, a fine and a coarse. 
You can tailor to intermediate size, if you wish to 
put, say, a fine product back through the machine 
and then set the arrangements to get a finer cut-off. 


E. Martinis—American Smelting & Refining Co. 
Question—Have you run any tests on fine asbestos? 
Answer—Yes and no. We have run tests on an 

asbestos-like material which contains fibrous par- 
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ticles and the difficult classification, due to the 
larger air/solid requirements, is obtained. 


Mr. Hobby—Pittsburgh Plate Glass Co. 

Question—When treating a material substantially all 
below 10x and trying to cut only the +10u mate- 
rial out, how does the Mikroplex work? 

Answer—I do not belive you will get good classifica- 
tion. We prefer the feed to contain 75 pct fines 
and 25 pct tailings and have gone to 90 pct fines 
and 10 pct coarse tailings, but higher than that the 
efficiency drops off. 


Unknown 

Question—Does the Mikroplex have application in 
conjunction with a fluid-energy mill? 

Answer—The Mikroplex has been tried briefly with 
a certain type of jet mill, during which minimum 
classifying and coarser grinding was done in the 
mill and the coarse particles were separated with 
the Mikropiex, which achieves its qualifications 
through lack of turbulence. I believe it can be 
used effectively with a jet mill. 


Theodore Crane—Vanadium Corp. of America 
Question—What would the effect be from tramp 
oversize, say —10 +14 mesh particles? 
Answer—(by Mr. Norton, Dr. Lukens’ associate). 
The small machine will take up to 1 to 1% mm., 
the large up to 2 mm. In general a wide range of 
feed size is allowable. 


¢ 
| 


Effect of Roasting on Recovery of Uranium 


and Vanadium from Carnotite Ores 


by Carbonate Leaching 


Application of the carbonate leaching process to carno- 


tite ores has often been limited by the difficulty of obtaining 
simultaneous high recoveries of uranium and vanadium. The 
chemical aspects of this problem are discussed and the effect 


N treating carnotite ores by carbonate leaching 
it is often necessary to subject the ore to a prior 
roast. Among the advantages that may result from 
roasting are: 1) improvement in settling and filter- 
ing characteristics of the ore; 2) destruction of 
carbonaceous impurities that would otherwise con- 
taminate the leach solution and consume carbonate 
reagent; and 3) substantial increase in extraction 
of vanadium, which is usually low when the un- 
roasted ore is leached. Recovery of vanadium may 
be an important factor in processing carnotite ores, 
and the fact that vanadium is usually recovered in 
good yield by acid leaching has often been an eco- 
nomic advantage over results obtained with car- 
bonate leaching. 

It has been found that response of an ore to car- 
bonate leaching, following roasting, depends pri- 
marily on its composition and on the conditions of 
the prior roast treatment, particularly with regard 
to the roasting temperature, the atmosphere main- 
tained above the charge during roasting and cool- 
ing, and the presence of certain reagents. These 
factors, especially the last, virtually determine the 
extractions of uranium and vanadium attainable by 
carbonate leaching, as well as the reagent consump- 
tion on leaching, whereas adjustment of the leach- 
ing conditions has only a limited influence. 

These. variables were examined systematically 
to elucidate roasting and carbonate leaching of car- 
notite ores and to establish a treatment yielding high 
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of prior roasting procedures on this discovery is described. 


by J. Halpern, F. A. Forward, and A. H. Ross 


Table |. Analysis of Ore Samples 


Ore A. Ore D. 
Typical Ore C. Typical 
Lew-Lime Ore B Gypsum High-Lime 
Constit- Carnotite, Carb taining Carnotite, 
went t Ore, Wt Ore, Pet Pet 
UsOs 0.2 0.30 1.23 0.38 
V0, 0.97 0.82 1.16 0.95 
CaO 2.0 2.3 6.5* 8.9"* 
Ss 0.3 2.5° 0.1 
FeO, 94 3.8 
Acid in- 
soluble 87.0 77.0 


* Present largely as CaSO,. 
** Present largely as CaCOs. 


recoveries of both uranium and vanadium. Tests 
were conducted on samples of four different Colo- 
rado Plateau ores, described in Table I. 

Roasting Procedure: The roasting tests were con- 
ducted in an electrically heated furnace in which 
the temperature was controlled to +15°C. The ore 
(usually a 500-g charge) was ground to —100 mesh, 
mixed with the desired reagent, and spread in a 
silica tray to a bed depth of about % in. During the 
roast the charge was rabbled at intervals of 15 min. 
To provide free access of air the furnace was usually 
ventilated; however, in a few experiments a con- 
trolled atmosphere such as carbon dioxide or hy- 
drogen was maintained above the charge. 

Leaching Procedure: The pulp, generally compris- 
ing 500 g of ore and a 2000-cc solution containing 
80 g per liter of Na.CO, and 20 g per liter of 
NaHCO,, was agitated in an autoclave at 120°C, 
under 30 psi O,. Samples were withdrawn periodi- 
cally, and the solution and ore residue were ana- 
lyzed. Under the conditions employed, maximum 
attainable extractions were generally achieved in 4 
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Fig. 1—Effect of roasting in air and in CO, on uranium and 
vanadium recoveries from D ore. Leaching 6 hr at 120°C 
with 8 pet NavCO,, 2 pet NaHCO, solution. 


to 6 hr. Final extractions were calculated, in all 
cases, from U,O, and V.O, analyses of the washed 
tailings. 

Analytical Procedures: Ores, tailings, and solu- 
tions were analyzed for U,O, with an MIT Model 
III Fluorimeter.* 

V.O, determinations were made by titration with 
standard FeSO,. 

Solutions were analyzed for CO, and HCO, by 
potentiometric titration with standard HCl to con- 
secutive end points at pH 8.2 and 4.0, correcting 


for the formation of the UO.(CO,); complex.’ 


Results and Discussion 


Composition of Carnotite Ores: The ratio of V to 
U in carnotite ores is often higher than the theo- 
retical value of 1:1 (about 0.3 parts V.O, to 1 part 
U,O, by weight) expected for the mineral carnotite 
(K,O - 2 UO,- V.O,:3 H,O). Thus so-called car- 
notite ores generally contain other vanadium min- 
erals, notably roscoelite (3 (Al, V). O,-K,O- 18 
SiO, - 2 H,O), which often accounts for most of the 
vanadium present in the ore. Reference has also 
been made to the presence of vanadyl vanadates and 
calcium in some ores. 

Other uranium minerals, including primary min- 
erals such as pitchblende (U,O,) may also be pres- 
ent, although normally to a minor extent. 

Among the gangue minerals that play a particu- 
larly important role during roasting of carnotite 
ores, silica is usually present and normally consti- 
tutes the major gangue component. Calcite may be 
present, sometimes in very high concentrations (as 
in ore D). Many ores also contain some reducing 
carbonaceous matter. Sulfides are rarely present in 
appreciable amounts. Gypsum sometimes occurs as a 
major constituent, as in ore C, which was tested 
during the course of this work. 
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Carbonate Leaching of Unroasted Ores: The min- 
eral carnotite is readily soluble in solutions contain- 
ing carbonate and bicarbonate salts, according to the 
following reaction: 


K,O - 2U0, - V,O, - 3H,O + 2CO; + 4 HCO, > 
2 VO, + 2U0,(CO,), + 2K’ +5H,O. [1] 


Thus high uranium recoveries (90 to 100 pct) are 
generally obtained on leaching the raw ores, under 
most. conditions, see Table II, provided that most of 
the uranium is present as carnotite. If other ura- 
nium minerals such as uraninite or pitchblende are 
present, or if the ore contains sulfides or carbona- 
ceous matter that can reduce uranium, it is im- 
portant to conduct the leach under oxidizing con- 
ditions to effect optimum recoveries. Presence of 
air or oxygen under moderate pressure has been 
found particularly effective in insuring complete 
oxidation and solubilization of the uranium.** Pitch- 
blende, for example, reacts under these conditions 
as follows: 


U,O, + % O, + 3 CO, + 6 HCO, > 


3 UO,(CO,), + 3 HO. [2] 


The leaching tests reported here were all conducted 
at 100° to 120°C, under 30 psi O., to effect the maxi- 
mum attainable uranium extraction for each roast 
treatment. 

Although any vanadium which is present in the 
form of carnotite also is dissolved readily by car- 
bonate-bicarbonate solutions, other vanadium min- 
erals such as roscoelite, which often account for 
most of the vanadium in carnotite ores, are not 
readily attacked. Thus vanadium recoveries on 
leaching raw carnotite ores are often low, ranging 
from 10 to 40 pct for most ores (see Table II). Usu- 
ally the amount of vanadium that dissolves is re- 
lated to the uranium content of the ore, although 
some variation in this ratio is observed for dif- 
ferent ores, the value often being higher than the 
theoretical carnotite ratio of 1:1. In any case, the 
amount of vanadium that can be extracted by car- 
bonate leaching apparently is determined by the 
mineral constitution of the ore and is usually in- 
sensitive to variations in leaching conditions such as 
temperature, oxygen pressure, and solution compo- 
sition. 

To achieve substantially increased vanadium re- 
coveries it is necessary to transform the refractory 
vanadium minerals such as roscoelite into more sol- 
uble compounds. This transformation can be 
achieved only at elevated temperatures, i.e., by 
roasting the ore under suitable conditions and in the 
presence of suitable reagents. The difficulty of find- 
ing an effective roast treatment for this purpose is 
enhanced by the fact that such treatments often re- 
sult in the insolubilization of some of the uranium. 
The following sections are devoted to a discussion of 
the effects of roasting carnotite ores in the presence 
of different reagents. 

Roasting Siliceous Ores: With ores such as A and 
B, which are largely siliceous and which do not 
contain appreciable amounts of reactive calcium and 
sodium salts, it is generally found that roasting at 
temperatures up to 850°C has only a moderate effect 
on subsequent uranium or vanadium recoveries 
(Table II). A slight reduction in uranium extraction 
usually results, probably owing to the formation of 
uranyl silicates, a number of which are known— 
for example, UO, ~- 7SiO,. However, these do not 


TRANSACTIONS AIME 


| 

| 

- 

450 850 

| 


EXTRACTION- % 


i 1 
6% 2 3 4 5 
CoS0,- % 


Fig. 2—Effect of CaSO, addition during roasting on the re- 
coveries of uranium and vanadium from A ore. Roasting: 
3 hr at 850°C. Leaching: 6 hr at 120°C with 8 pct Na:CO,, 
2 pct NaHCO, solution. 


appear to form readily by direct reaction between 
uranium salts and silica in the solid phase. 

There is some indication that during roasting a 
reducing atmosphere such as H, or CO is detri- 
mental to subsequent uranium recoveries. Ap- 
parently the tendency for uranium, in the reduced 
state, to form refractory insoluble compounds is 
greater than in the oxidized state, and roasting 
should preferably be carried out in an oxidizing 
atmosphere. This factor may account for the pro- 
nounced decrease in uranium extraction that re- 
sults from roasting the B ore, see Table II, since this 
ore contains appreciable amounts of reducing car- 
bonaceous matter. With this ore it was found par- 
ticularly important to provide free access of air 
during the roast. 


Roasting in the Presence of CaCO, and CaO: 
CaCO,, which is nearly neutral in reaction, does 
not appear to react with uranium and vanadium 
minerals during roasting and does not affect the 
subsequent extractions to any extent. However, if 
the roast is conducted at temperatures above 650°C, 
CaCO, undergoes rapid decomposition to CaO as 
follows: 

CaCO, = CaO + CO,. [3] 


The CaO that is formed apparently reacts with the 
uranium, forming calcium uranates, calcium uranyl 
silicates, etc., which are not readily decomposed by 
carbonate solutions. This is illustrated by the results 
of run B-36 (Table II) in which ore B was roasted 
at 850°C following addition of 10 pct CaCO,, result- 
ing in reduction of the U,O, recovery from 73 to 17 
pet. Further results illustrating this effect were ob- 
tained by roasting D ore, which contains about 15 
pet CaCO, in its natural state (see Table II and Fig. 
1). Roasting above 650°C resulted in marked de- 
cline in uranium recovery. Maintaining a CO, atmos- 
phere above the charge during roasting and subse- 
quent cooling helped to raise the uranium recov- 
eries, as shown in Fig. 1, presumably by inhibiting 
decomposition of CaCO, according to Eq. 3. It is 
probable that higher recoveries could also be ob- 
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tained by rapid quenching of the calcine in a car- 
bonate or bicarbonate solution, since it is likely 
that the insoluble uranium compounds are formed, 
or at least stabilized, during slow cooling. Such 
quenching has been employed in the past* and found 
to have a beneficial effect on uranium recoveries 
where carnotite ores were roasted with salt prior to 
carbonate leaching. 

The calcium vanadates, which probably form dur- 
ing roasting in the presence of CaO, are apparently 
decoraposed by carbonate solutions, since the roast 
treatment generally results in increased vanadium 
extractions. This is consistent with the fact that 
vanadium is known to dissolve in carbonate solu- 
tions as the basic vanadate ion, VO,. The following 
reaction would therefore be expected to take place 
readily: 

Ca(VO,), + CO, ~ CaCO, + 2 VO,. [4] 


On the other hand, it is not surprising that calcium 
uranates resist decomposition by carbonate or bi- 
carbonate solution, since the soluble form of ura- 


nium in such solutions is the UO,(CO,),° ion, i-e., a 
carbonate complex of the acidic uranyl ion. Con- 
version of the insoluble basic uranate to the solu- 
ble uranyl complex would not be expected to occur 
readily in basic medium. 

Roasting in the Presence of CaSO,: From the 
above considerations, it appears that to achieve high 
uranium and vanadium recoveries simultaneously 
it is desirable to roast in the presence of a calcium 
salt which is more acidic in reaction than CaO or 
CaCO, and, further, which resists decomposition to 
CaO at the elevated roasting temperature of about 
850°C required to solubilize the vanadium. These 
conditions are substantially fulfilled by CaSO,,. 

Consistent with this, it was found that addition 
of CaSO, to the low-lime siliceous ores (A and B) 
prior to roasting at 850°C resulted in high vana- 
dium extractions on subsequent carbonate leaching, 
with little or no impairment of uranium extraction. 
Results showing this are given in Table II and Fig. 
2. The amount of CaSO, required to give optimum 
recoveries is usually about 3 to 5 pct by weight of 
the ore. 

With ore C, which contained about 15 pct CaSO, 
in its natural state, no further reagent addition was 
required. Recoveries of 97 pct U,O, and 91 pct V.O,, 
compared with 94 pct and 25 pct respectively for 
the unroasted ore (see Table II), were readily ob- 
tained by carbonate leaching this ore following 
roasting at 850°C. Furthermore, mixtures of this 
ore with up to twice its weight of ores A and B 
yielded similarly high uranium and vanadium ex- 
tractions following roasting without any added re- 
agent (see Table III). Apparently a sufficient ex- 
cess of CaSO, was provided by ore C to take care 
of the reagent requirements of the other ores. It 
is easy to see the implications of this result in regard 
to the possibilities for blending different ores prior 
to treatment. 

To achieve optimum results when roasting with 
CaSO,, it was found necessary to maintain the roast- 
ing temperature preferably between 800° and 
900°C. Below 800°C, solubilization of the vanadium 
was generally incomplete, while roasting above 
900°C usually resulted in some impairment of the 
uranium recovery. 

As might be expected for a reaction involving 
solids, it was found that very fine grinding of the 
ore prior to roasting, preferably to —100 mesh, was 
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Table Il. Results of Roasting and Leaching Tests 


Charge: 500 g of ore (— 100 mesh); 2000-cc solution 
Temperature: 120°C 
O, Partial Pressure: 30 psi 


Leaching Time: 6 hr 
Initial Composition of Leach Solution: NacCO;—80 g per liter, NaHCO,;—20 ¢ per liter 


Roasting Conditions 


Extraction Final Selution 


Temper- 
ature, °C 


5 


Time, Hr 


Added Reagent 


NaHCOs, 
G per Liter 


2 


abe 


No prior roast 


a: 
Cwww 


No prior roast 


2222 


No reagent 
1 pet CaSO, 
3 pet CaSO, 
5 pet CaSO, 


No reagent 
3 pet CaSO, 
10 pet CaSO, 
10 pet CaCOs 
7 pet CaCl, 


No reagent 
No reagent 
No reagent 


15 pet FeSs 
15 pet FeSO, 
15 pct NasSO, 


othe 


= 


* Large NasCOs consumption due to reaction with carbonaceous matter, which is destroyed on roasting. 


oe Initial solution composition: NagCOs;—50 g per liter - NaHCO;—oO. 


advantageous and resulted in higher recoveries of 
both uranium and vanadium. 

The nature of the compounds formed when ura- 
nium and vanadium minerals are roasted in the 
presence of CaSO, is not clearly understood. It is 
probable that among the insoluble uranium com- 
pounds that form on roasting in the absence of this 
reagent are calcium uranates and urany] silicates, 
of which the simplest proto-types are CaUO, and 
UO,SiO,, respectively. For reasons of chemistry in- 
volving relative basicities of the different oxides 
and relative stabilities of the various compounds 
they can form, it is to be expected that CaSO, 
would lead to decomposition of the above com- 
pounds, and the formation of more soluble uranium 
compounds, through reactions such as the follow- 
ing: 


CaUO, + CaSO, + 2 SiO, UO,SO, + 2CaSiO,. [5] 
UO,SiO, + CaSO, > UO,SO, + CaSiO,,. [6] 


It is probable that the compounds actually formed 
are of more complex constitution than those repre- 
sented above, but their chemical properties might 
be expected to be similar. Vanadium minerals prob- 
ably undergo analogous reactions in the presence of 
CaSO,, since they are also solubilized by roasting 
with this reagent, possibly through formation of in- 


termediate calcium vanadate or vanadyl sulfate 
compounds. 

Although it should be possible to substitute other 
reagents for CaSO, and achieve a similar effect, the 
above considerations suggest that such reagents 
would have to meet the following requirements, all 
of which are fulfilled by CaSO,: 

1) The reagent must be somewhat acidic in re- 
action. 

2) It must be capable of forming stable uranyl 
salts as well as stable silicates. 

3) It must be stable up to the roasting tempera- 
ture of about 800°C. 

Sodium salts would not be expected to be suit- 
able, since they do not fulfill conditions 1 and 2. 
They are generally neutral or alkaline in reaction 
and give rise to sodium silicates that are probably 
less stable than the corresponding calcium salts. 
Experiments with Na,SO, and NaCl have shown 
these reagents to be ineffective in solubilizing ura- 
nium. Where roasting with NaCl has been used 
commercially in conjunction with carbonate leaching 
to raise vanadium recoveries,’ it has been found 
necessary to control roasting conditions critically 
and to quench the calcines rapidly in Na,CO,— 
NaHCO, solutions in order to maintain high uranium 
extractions. 


Table Ill. Roasting and Leaching of Ore Mixtures 


Roasting Conditions: 3 hr at 850°C; no added reagent 
, Leaching Conditions: 6 hr at 120°C; 30 psi O»; 20 pet solids 
Cc 


Na,CO;—80 g per liter; NaHCO;—20 g per liter 


Composition of Mixture 


Ore B, 
Wt Pet 


Final Solution 


Na,COs, NaHCOs;, 
G per Liter G per Liter 


Extraction 


Us0s, V20s, 
Pet Pet 


| | 
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: 
Ore | Pet G per Liter 
A 17 76 23 
67 76 23 
‘3 77 77 25 
85 73 20 
87 72 21 
B 22 58° 41 
45 78 20 
70 74 21 
71 64 22 
78 76 17 
67 78 24 
c or roast 25 30°* 5** 
C-65 91 65 25 
D D-1 or roast 28 28 ’ 
Bs ‘ 
4 
D-8 SO, 47 22 
D-9 64 24 
Fo D-17 63 5 
D-18 38 | 0 
mm 
Ore A, Ore C, 
Run No. Wt Pet | Wt Pet 
A-2 100 0 
: A-3 50 50 
C-65 0 100 4 
B-38 1 0 
B-43 33 
B-4 50 
B-44 67 
-65 100 
M-2 33.5 [| 33.3 


CaCl, and FeSO,, which probably fulfill condi- 
tions 1 and 2 and might be expected to resemble 
CaSO, in their chemical effects, are not suitable 
since they decompose at temperatures well below 
800°C. Attempts to substitute these reagents for 
CaSO, were not successful (see Table II). 

Among the reagents that might be expected to 
fulfill all the above requirements and hence be 
effective in the roast are CuSO,, ZnSO,, PbSO,, 
CdSO,, NiSO,, CoSO,, MgSO,, and BaSO,. All these 
are acidic in reaction, decompose above 700°C, and 
contain metals that form stable silicates. However, 
the effect of these salts was not investigated, and it 
seems unlikely that any of them would possess ad- 
vantages over CaSO,. 

Effect of H,SO,, Pyrite, Etc.: Since CaSO, obvi- 
ously does not neutralize CaO, it is not surprising 
that its addition to ores of high lime content, i.e., 
ore D, was not effective in preventing insolubiliza- 
tion of uranium during roasting (run D-2, Table 
II). With such ores it would appear necessary to add 
a more acidic reagent, capable of neutralizing CaO. 

This can obviously be achieved by treating the 
ore, prior to roasting, with H,SO,, which converts the 
CaO and CaCO, directly to CaSO,: 


CaO + H,SO,~ CaSO, + H,O [7] 
and 
CaCO, + H,SO,— CaSO, + H,O + CO,. [8] 


Following such treatment the ore should respond 
similarly to ore C. 

Alternatively it is possible to add a reagent that 
reacts with CaO under roasting conditions to neu- 
tralize the latter and convert it to CaSO,. An exam- 
ple of such a reagent is pyrite, FeS,, which on heat- 
ing in air probably reacts with CaCO, in the fol- 
lowing manner: 


2 FeS, + 4 CaCO, + 7% O, > Fe,O, 
+ 4CaSO, + 4CO, [9] 


Thus it was found that addition of 15 pct pyrite to 
D ore prior to roasting at 850°C increased uranium 
extraction from 24 to 85 pct and vanadium extrac- 
tion from 55 to 64 pct (run D-9, Table II). 

FeSO, can also react with CaO, for example, 


2 CaCO, + 2 FeSO, + *% O,> 
2 CaSO, + Fe,O, + 2CO, [10] 


but was found to be less effective than pyrite (run 
D-17, Table II), presumably because it decomposed 
more rapidly and at lower temperatures, resulting 
in higher SO, losses. 

Reagent Consumption on Leaching: The amounts 
of carbonate and bicarbonate consumed by direct 
reaction with uranium and vanadium during leach- 
ing, according to Eqs. 1 and 2, are usually very 
small. However, total reagent consumption on leach- 
ing is normally considerably larger than this 
amount, because of the presence of other reactive 
minerals in the ore or because of reagents that have 
been added to the roast treatment. 

Silica reacts only slowly with solutions contain- 
ing carbonate and bicarbonate at temperatures be- 
low 150°C. 

Mineral sulfides such as pyrite, when present in 
the ore, react readily with carbonate solutions, par- 
ticularly in the presence of oxygen as follows: 


2 FeS, + 7% O, + 8 Na,CO, + 4H,O> 
Fe.O, + 4 Na,SO, + 8 NaHCO,. [11] 


However, prior roasting usually results in oxidation 
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and decomposition of such sulfides. This applies also 
to organic and carbonaceous matter. 

Calcium sulfate reacts with carbonate solutions 
as follows: 


CaSO, + Na,CO,~ CaCO, + Na,SO,. [12] 


This reaction is responsible for the large reduction 
in the Na,CO, content of the leach solution during 
leaching of C ore (run C-1, 65, Table II). The 
Na,SO, generated in the solution does not appear 
to be in any way detrimental to the leaching. 

CaCO, does not react with Na,CO, or NaHCoO,, 
unless it is first decomposed to CaO by roasting. 
CaO reacts with NaHCO, as follows: 


CaO + 2 NaHCO, CaCO, + Na,CO, + H,O. [13] 


This reaction is responsible for the conversion of 
NaHCO, to Na,CO, during the leaching of D ore, 
which had been roasted at high temperatures (run 
D-23, 2, 18, Table Il). 

Precipitation of Uranium and Vanadium: After 
recycling, the leach solutions obtained from these 
ores had approximately the following analysis: 
Na,CO,, 80 g per liter; NaHCO,, 20 g per liter; U,O,, 
1 g per liter; and V.O,, 4 g per liter. It was found 
that to yield uranium and vanadium concentrates, 
these solutions could be most effectively treated by 
the following procedure: 

1) The solution was stripped of both uranium 
and vanadium by treatment with 200 psi H, at 
150°C in the presence of 5 g per liter of nickel pow- 
der catalyst, yielding a product comprising a mix- 
ture of uranium and vanadium oxides in combina- 
tion with the nickel powder.®** The Na,CO, and 
NaHCO, contents of the solution were virtually 
unchanged by this treatment and the barren liquor 
was recycled. 

2) The nickel-free product was fused with an 
equal weight of Na,CO, and the fusion cake leached 
with water to extract the vanadium. The fusion 
cake (black cake) containing ali the uranium ana- 
lyzed 85 to 90 pct U,O, and less than 1 pct V,O,. 

3) The fusion filtrate was acidified with H,SO, 
to pH 3 to precipitate the vanadium as a red cake 
containing 80 to 90 pct V.O,. 


Technical Conclusions 


An examination has been made of the effect of 
roasting carnotite ores, in the presence of various 
reagents, on subsequent recoveries of uranium and 
vanadium by carbonate leaching. An attempt has 
been made to account for the results in terms of the 
chemical reactions that occur during the roast treat- 
ment. 

Roasting at temperatures of about 850°C with 
calcium salts, including CaO, generally increased 
the vanadium extraction. However, to prevent a 
simultaneous reduction in uranium extraction, it 
was found necessary to maintain the charge in an 
acidic condition during the roast. 

With ores of low lime content, optimum results 
were obtained where the ore was roasted at 850°C 
in the presence of 3 to 5 pct CaSO,. This treatment 
yielded extractions of 90 to 95 pct U,O, and 70 to 80 
pet V.O, on subsequent carbonate leaching. Ores 
containing CaSO, may be roasted and leached with- 
out further reagent addition. Critical control of 
roasting conditions and quenching of the calcines 
are unnecessary. 

With ores of high lime content, roasting at the 
high temperatures necessary to effect solubilization 
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of the vanadium resulted in a drastic reduction in 
the uranium recovery. For such ores, no practical 
treatment could be found that would yield high re- 
coveries of both uranium and vanadium unless all 
the lime was first neutralized by addition of acid or 
pyrite. By roasting at low temperatures of 500° to 
600°C, i.e., below the decomposition temperature 
of CaCO,, uranium recoveries of 90 to 95 pct could 
be maintained while 40 to 60 pct of the vanadium 
was extracted. Such roasting is adequate to con- 
fer satisfactory settling and filtering characteristics 
on most carnotite ores and to destroy carbonaceous 
impurities. 


Flowsheet Application 


Fig. 3 is the type of flowsheet envisaged to give 
practical effect to the investigational work arising 
from these studies. All the types of equipment have 
been used for comparable purposes in various mills 
and refineries operating in the U. S. and Canada. 

Operating Conditions and Type of Equipment: 
While optimum conditions will vary from ore to 
ore, the grinding-screening circuit prior to roasting 
would probably be required to produce a —35 to 
—65 mesh product. 

In the roasting step equipment should be de- 
signed to give the best particle contact between re- 
agent (calcium sulfate, pyrite, etc.) and the ore. 
The Skinner roaster has been used for many years 
in treating uranium-vanadium ores from the Colo- 
rado Plateau and represents a satisfactory type for 
this purpose. 

In the case of each ore, optimum regrind mesh 
for calcines will depend on the usual factors of 
extraction efficiencies and physical properties such 
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Fig. 3—Typical flowsheet for carbonate leaching process. 
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as filtration rates and washing efficiencies. The in- 
vestigation program has suggested a range of —48 
to —100 mesh. 

A pulp to pulp heat exchanger of the tubular type 
has been found satisfactory under comparable 
conditions at the Beaverlodge plant of Eldorado 
Mining & Refining Ltd. in Canada and constitutes 
satisfactory equipment for this flowsheet. 

In the autoclave digester section a series of ver- 
tical or horizontal stainless steel clad units is en- 
visaged. The initial units in the series must be 
equipped with steam heating coils. Such equipment 
is used at the Fort Saskatchewan refinery of Sher- 
ritt Gordon Mines and at the Beaverlodge plant of 
Eldorado Mining & Refining Ltd. Pulp density in the 
autoclaves should be about 55 pct. 

A stainless steel tubular design of heat exchanger 
is satisfactory for use on pregnant liquor. 

Hydrogen precipitation autoclaves would be sim- 
ilar in general design to those used by the Sherritt 
Gordon Co. at Fort Saskatchewan; this equipment 
should be either clad or lined with stainless steel. 

The nickel powder used as a catalyst in the hy- 
drogen reduction step is strongly magnetic and can 
be rapidly separated from the uranium and vana- 
dium oxides by conventional wet magnetic separa- 
tion techniques. 

The soda ash fusion, water leach, vanadium pre- 
cipitation, fusion, and flaking equipment is standard 
in various mills operating in the Colorado Plateau 
area. 

Economics: Preliminary engineering studies have 
indicated that the economics of this type of flow- 
sheet in terms of capital costs, operating costs, and 
recoveries are equal and perhaps superior to those 
of alternative flowsheets now in plant scale opera- 
tion where: 1) optimum recovery of vanadium is 
desired, and 2) a basic leach flowsheet is econom- 
ically justified in preference to an acid leach from 
the standpoint of reagent consumption and uranium 
recovery. 

In this connection it should be noted that al- 
though there has been a diminishing interest in 
byproduct vanadium recovery in mills designed in 
the past two or three years to treat uranium ores in 
the Colorado Plateau area, the flowsheet described 
here appears particularly well suited for recovery 
of uranium and vanadium from a carnotite or 
roscoelite type of ore with a high gypsum content. 
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General Map of Braden Operations in Chile 


Tailings Disposal At 


Braden Copper Co. 


by R. W. Jigins 


PERATIONS of the Braden Copper Co. are in 

the Chilean Andes, southeast of Santiago. Most 
remote of the company communities is Sewell, a 
town of 12,000 people, 7000 ft above sea level at the 
junction of the Coya and Teniente rivers. Four 
miles down the Coya River is the smelter town of 
Caletones, elevation 4500 ft, with a population of 
about 3000. At the junction of the Coya and Cacha- 
poal rivers 24 miles below Sewell is Coya, eleva- 
tion 2500 ft, location of the company’s two hydro- 
electric plants. The principal accounting offices; 
steel, iron, and brass foundries; railroad shops; and 
major mechanical repair and fabricating shops are 
at Rancagua in the central Chilean valley, 44 miles 
from Sewell. The company owned narrow-gage 
railroad connects with the Chilean national railroad 


R. W. JIGINS is Concentrator Superintendent, El Teniente Mine, 
Braden Copper Co., Sewell, Chile. 
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at Rancagua and above Coya is the only modern 
means of travel. 

El Teniente mine at Sewell is the largest under- 
ground copper mine in the world. The mill, at the 
portal of the main tunnel, has a capacity of 34,000 
tons of crude ore daily, although production is lower 
during the winter beacause of electric power restric- 
tions. When operating at capacity the mill produces 
2000 tpd of copper concentrates and 32,000 tpd of 
tailings. Tonnage of tailings is equivalent to about 
100,000 tons of pulp at normal water to solid ratio. 

Because the streams flowing from the Andes in 
the area of Braden’s operations are used for irriga- 
tion, it is impossible to dump tailings directly to the 
river. The tailings pulp must be separated into 
solids and decanted clear water, and the clear water 
returned to the same water shed from which the 
original water was removed. Remaining sands and 
slime must be deposited in a reservoir where they 
will not cause trouble to farmers. 
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Prior to 1920 tailings were disposed of in the 
Coya canyon immediately below the mill site, but 
each of four dams that were built before 1916 was 
washed out in turn by the heavy floods common in 
the Coya River drainage area. Later three dams with 
total capacity of 6 million tons were constructed ac- 
cording to more modern design. A novel feature of 
the last two, called Arena and Amarga, was a float- 
ing pontoon bridge that carried the distribution 
launder for sand bank building. Constructed almost 
entirely by the spilling and shoveling method, these 
dams had slopes of 2.5 and 3 to 1 respectively. The 
dried out dams are still in good conditions today. 

Beneath these three dams a single masonry aque- 
duct was built in the bed of the river to take the 
clear overflow from the decanted tailings ponds as 
well as the normal river flow, which increases enor- 
mously during spring run-off, often carrying mil- 
lions of tons of rock and gravel. The aqueduct is 10 
ft in diam and 7000 ft long on a gradient of 6 pct. 

Starting in 1917 preliminary work was done to 
prepare a larger dam in the Barahona basin, 9 miles 
dewnslope from the mill. The original plan called 
for an earth dam, but this idea was abandoned in 
favor of sand obtained by classifying tailings in 300 
balanced classifier cones. Fed through a flume line 
43,000 ft long, the dam went into use in 1920. 

The flume line between the mill at Sewell and 
the Barahona basin crossed exceptionally steep ter- 
rain and required the construction of 6500 ft of snow 
sheds, 19,000 ft of tunnels, and many bridges of vari- 
ous types. A few bridges over the deeper ravines 
are 150 ft high. 

The crest of the Barahona tailings dam was 7200 
ft long and about 210 ft high. By 1928, 29.5 million 
tons of tailings were built up behind the dam. In 
December of that year a severe earthquake broke 
the dam and allowed more than 9 million tons to 
escape through the Barahona and Coya rivers, caus- 
ing loss of several lives and much property damage. 
After consultation with Government engineers, per- 
mission was granted to build an improved dam far- 
ther back in the Barahona basin. The new dam was 
started in February 1929 and was in constant use 
until February 1936. Today it contains 54 million tons 
of tailings. As capacity of this basin was limited, a 
new dam was begun in July 1934 at Cauquenes, 28 
miles below Barahona and 37 miles from the mill. 
This dam was placed in service in February 1936 
and is still in use. 

Before the Cauquenes site was selected, many 
other schemes were considered and engineered. Sev- 
eral surveys were run, even down to the ocean, but 
after consideration of all factors the Cauquenes 
project proved the most suitable. One major consid- 
eration was the strong opposition from farmers and 
owners of the country the flume would cross. 

The Cauquenes site was part of a prosperous 
hacienda, which Braden was obliged to purchase at 
a considerably enhanced price. The site, however, 
is a large, kidney-shaped natural basin roughly 
3 miles long by 1% miles wide, with a narrow 
outlet. Based on present dam elevation, estimated 
capacity of the basin is 300 million tons. 

Early Dam Construction: Dam construction at 
Barahona is carried out by classifying the tailings 
in sand-settlement boxes and utilizing the coarse 
sands for building the dams. Remaining tailings flow 
by open canal to the impounding area, where they 
are deposited at constantly varying points to avoid 
build-up at any one place. Overflow towers spill 
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the decanted water to a subterranean concrete 
aqueduct, which discharges by an open canal back 
into the Cachapoal River a few miles from the tail- 
ings dam. 

The tailings flume is constructed on a 3 pct grade 
from Sewell to Barahona, a distance of 11 miles. 
From Barahona to Coya, another 11 miles, grades 
vary from 3 to 2 pct. In this section, to avoid 
excessive grades, five four-lane masonry cascade 
chutes were built totaling 3725 ft, with a combined 
fall of 1650 ft. These cascades follow a descending 
parabolic curve corresponding roughly to the normal 
discharge curve of the maximum volume of tailings 
carried in the flume. This helps to avoid excessive 
splashing and overflows. 

The lower section of the line, from Coya to 
Cauquenes camp, is a distance of some 15 miles at 
an average gradient of only 0.3 pct and required 
construction of six large steel truss bridges, totaling 
6233 ft in length, spanning canyons to avoid exces- 
sive grades loss. The largest, over the Rio Claro, is 
284 ft high and 1132 ft long. 

Curves in the flume, constructed with 4-ft tangen- 
tial boards, are laid out on a minimum radius of 
100 ft. On curves with a radius of 200 ft or more, 
12-ft tangential boards are used. 

In all, the disposal of tailings from the concen- 
trator to the final area of deposition comprises the 
following major projects: 

1) Thirty-seven miles of wooden flume line, with 
approximately 3x3-ft inside section, lined with 
concrete bottom and side liners and covered with 
boards at curves and through tunnels. 

2) About three miles of tunnel through rock of 
varying types. In some sections timber sets are 
necessary to hold the tunnel section free from loose 
and falling rock. 
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3) One and a quarter miles of false tunnels and 
snowsheds to protect the flume from avalanches. 

4) Two hundred and seventy-five bridges of dif- 
ferent types, including one steel cantilever arch 
bridge 520 ft long; two suspension bridges with a 
total length of 552 ft; six large truss bridges, and 12 
other smaller steel bridges of various sizes and 
types. 

5) Eight patrol camps, where a given number of 
workmen are stationed, whose job it is to patrol 
constantly a certain section of the flume line, advis- 
ing headquarters of any accident or breakout and 
making emergency repairs. 

Operations are carried out 24 hr a day, and only 
three shutdowns a year are normal—January Ist, 
May list (Labor Day), and September 18th (Chilean 
Independence Day). On these days it is customary 
to make extensive repairs on the tailings flume and 
accessories, changing worn liners, corner strips, 
and drop box liners. At other times, in emergencies, 
the tailings must be bypassed temporarily to one or 
the other of the old dams. In important cases Gov- 
ernment permission to release tailings to the river 
for a given period must be obtained from Santiago 
by telephone. 

The Upstream System of Handling Tailings: The 
first large dam at Barahona was built on what may 
be called an upstream system, then the accepted 
method of depositing tailings, which were separated 
into sands and slimes in Callow-type classifier 
cones with automatic discharge. These classifiers 
were supported across the length of the dam by 
wooden trestles, which also carried the main tailings 
feed flume. 

Starting from an earth toe the dam was built up 
by depositing the classifier sands to a convenient 
height and depositing and dewatering the slimes be- 
hind this dam. The cone supporting structure was 
then raised up by sections and moved back, and 
sand deposition was continued to complete another 
lift. As each lift was completed, the downstream face 
was hand-shoveled to correct grade (2.5 to 1 slope). 

One disadvantage of this system was the number 
of men required to operate it and to maintain and 
continually relocate the flume, trestles, and cones. 
Heavy wind storms also blew over hundreds of feet 
of trestle, cones, and launders. 

After the disastrous earthquake of 1928 it was 
apparent that a new system would be necessary. 
Temporarily, the old dam at Agua Amarga was re- 
habilitated and put into service while studies were 
made as to the ultimate solution of the tailings dis- 
posal problem. 

Downstream System: To build the second dam at 
Barahona the downstream system was devised. This 
method started off in much the same manner, de- 
positing coarse sand for the dam and dewatering 
the slimes behind. The classifier cones were raised 
as before, but in a downstream direction. In this 
way adam of coarse sand was maintained, resting 
on similar sand, and the slime delta as built up be- 
hind followed downstream but on top of the de- 
posited sands. This method maintains a layer of 
more or less impervious slimes at all times, protect- 
ing the dam from the lake, which overflows through 
towers at the back of the basin to a subterranean 
concrete aqueduct. 

Another improvement developed during operation 
of the No. 2 dam was the change from the old type 
of cone classifiers to a series of tall square boxes, 
with sloping bottoms and screw-controlled brass 
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sliding gates, discharging to a common launder from 
whence the sands were directed to any part of the 
dam face. Slimes as usual were deposited over the 
delta for settling. This method required fewer oper- 
ators, although the boxes were still installed across 
the whole length of the dam crest and had to be 
raised and moved forward periodically as before. 

So far the system has operated satisfactorily, but 
it must be noted that with this method the dam is 
always in operation. The exposed sand of the down- 
stream face is subject to damege by wind and rain- 
storms. Sand is continually being deposited across 
the face and equilibrium is never established as long 
as the plant is operating. When it became necessary 
to move to the Cauquenes Basin, a better system 
was devised. 


Sand Fill and Controlled Delta System: With the 
earlier methods, sands were used to form the retain- 
ing dams, and the slimes, deposited as a lake directly 
behind the dams, exerted a definite hydraulic pres- 
sure. This was the type of dam that failed at Bara- 
hona during the big earthquake, when the sand lifts 
slid downriver off their slime bases in step form. 
Present construction is radically different and to 
date has shown no signs of failure, even with very 
strong seismic phenomena, because: 1) only classi- 
fied sands are used in actual dam building; 2) slimes 
are deposited and settled in a basin well removed 
from the dam; and 3) only a very small lake of 
water is maintained. This lake is some distance away 
and exerts relatively little pressure on the main 
sand dam, which is retained by a constantly rising 
delta of deposited tailings maintained back from 
the upstream face of the dams. 


Present Dam Construction: For the present system 
a suitable site is bulldozed down to a good hardpan 
and opened out to give a base wide enough from 
upstream to downstream to allow for the designed 
width at optimum height, always maintaining the 
required slope on both faces. The slope of the up- 
stream face is not so important, as this is eventually 
covered by the deposited delta. Across the longitu- 
dinal axis of the dam foundation a system of sub- 
terranean drains is built, consisting of a trench 
2 ft 6 in. wide on a 0.5 pct grade discharging into a 
sewer type of outlet to the river. In the bottom of 
this trench a 6-in. concrete pipe is cemented, a %-in. 
opening being left at the top of the joints. The 
whole is covered with a 6-in. layer of gravel screened 
between %-in. and 2 in. On top of this, a further 
layer of screened rocks between 2 and 10 in. is 
deposited. The last layer is coarse river sand, leveled 
off. This built-in filter takes care of removing all 
toe drainage from the dam. 

Parallel to the desired cross river axis two earth 
toe dams are built up by bulldozer to a height of 20 
ft at both up and downstream limits of the base. 
Deslimed tailings sand is then pumped into the 
space below the earth dam. When this is filled with 
tailings sand it is bulldozed in both directions to 
the predetermined limit, upstream and down, until a 
reasonable trough is left in the center. This space 
is again filled by pumping in coarse tailings sand, 
which in turn is bulldozed to a trough in the center 
and refilled. As each lift is made the outside faces of 
the dams are corrected for slope (2.5 to 1) by bull- 
dozing, and when finally the desired total height is 
reached both faces and crest are covered with a 
layer of soil revetment, which is then sown with 
coarse grass to protect it against erosion. 
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For this type of dam it is also necessary first to 
construct an aqueduct that will take not only the 
overflow of decanted water from the tailings but 
all the regular precipitation and flow of the water- 
shed, up to the possible maximum of rainflooding, 
delivering it safely to the normal water course. 
This aqueduct may be built beneath the dam, rising 
on a continuous slope inside the basin to receive the 
lake overflow at suitable elevations, or it may be a 
tunnel driven through the surrounding hills, de- 
pending on circumstances. 


Overflow towers built at various elevations dis- 
charge to the aqueduct. As the general level of delta, 
slimes, and lake rises the overflow control level at 
the tower is raised by additional concrete flash- 
boards. When each tower reaches its height limit it 
is sealed off and the lake raised enough to allow it to 
overflow at the next tower level. During a particu- 
larly heavy rainstorm in 1953 the lake level rose 
4 ft in 4 hr, and it was calculated that for a time 
the aqueduct discharge was 400 cu ft per sec as com- 
pared to a normal 12 to 15 cu ft per sec. 


For this reason Braden Copper Co. has built an 
aqueduct of such strength and construction that 
30 or even 50 years from now when it is buried deep 
in slime it will still withstand any seismic phen- 
omena and at the same time be adequate for any 
possible runoff from the basin. Behind the upstream 
face of the dam a delta of tailings is deposited and 
raised gradually on a slope in advance of the gen- 
eral lake and slime level. As the tailings are run in, 
from constantly changing points, the sands settle to 
form the delta and the slimes run on into the lake, 
eventually settling to the bottom, while the clear 
water overflows to the outlet aqueduct. The entry 
point of the tailings must be constantly changed to 
prevent the slimes from running in directly toward 
the overflow tower and overflowing without settling, 
giving a dirty discharge to the river. This system 
maintains a small lake several thousand feet away 
and avoids pressure on the dam. 


Improved Classification at the Cauquenes Site: 
At Cauquenes another improvement has been made 
in separating the sand portion of the tailings. In- 
stead of the many small classifiers being moved 
around as required, there are now two long parallel 
desanding boxes some distance ahead of the dams 
and adjacent to the main tailings flume. These two 
boxes are built as a single concrete structure 150 ft 
long by 22 ft wide by 12 ft high. The bottoms slope 
toward a common sand discharge launder running 
down the center between and below them. Each 
box is provided with 12 bronze sliding gates for 
discharging the settled sands from the bottom of the 
box to this launder. Entrance and exit launders, 
controlled by gates, are provided from the main 
tailings launder to each of the boxes and then back 
to the main launder from the far end. 

Operation of Cauquenes Dams: Tailings are run 
into one box continuously until it is filled with 
settled sands. Meanwhile the supernatant slimes and 
excess tailings continue to the main distribution 
launder or ditch and are deposited around the peri- 
phery of the basin for settlement. The tailings are 
then turned into the second box. While this is filling, 
the discharge gates on the first box are opened and 
the settled sands washed out with hoses into the dis- 
charge launder and thence to a sump serving a cen- 
trifugal sand pump, which sends them to the dam 
site or wherever they are required. As one box be- 
comes full the other has just finished emptying and 
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the feed is switched from one to the other steadily 
throughout the day. The amount of water used to 
wash out the boxes is maintained at a minimum 
sufficient to allow the sands to be pumped without 
difficulty through woodstaves pipelines on a practi- 
cally level grade. 

There are only two men per shift to operate 
the boxes; one pumpman or more, depending on 
the number of pumping stages; and possibly two 
men at the dam to divert the sand discharge as re- 
quired. On the day shift a bulldozer crew will be 
necessary and a few men for miscellaneous jobs, but 
compared with the 30 to 40 men per shift required 
to operate the old cone classifier systems there is a 
great saving in labor cost. Maintenance costs are 
also very low, and operation is almost uninterrupted. 

Maintenance of Tailings Disposal System: Gen- 
eral repairs along the whole line are carried out con- 
tinuously. Sills, collars, bracing, and tie rods on the 
flume are replaced constantly as necessary without 
interrupting operations. On the three 24-hr shut- 
downs during the year other repairs, such as main- 
tenance of flume liners, are carried out in accord- 
ance with a long-time schedule. It is interesting to 
note that average life of the modern concrete liners 
is four to six years as compared to a maximum two 
to three years for the old wooden liners. Installed 
cost is practically identical. 
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desanding boxes used in tailings disposal system. 
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Masonry cascades also require a constant mainten- 
ance program. Usually two bays per year are over- 
hauled and repaired in each cascade. Tail boxes must 
be rebuilt every five or six years. 

On snowsheds, some timber, roof decking, and 
drumsheet covering must be replaced every sum- 
mer, depending on severity of the winter and the 
number of snowslides. 

Some sections of the tunnels are in good hard 
rock and need no upkeep; others are in very loose 
ground and require constant timbering. Usually one 
complete set of timber is changed each day through- 
out the year. 

Where the flume line skirts the hillsides or passes 
through cuts gangs are at work continually, clean- 
ing out coronation drainage ditches, shoveling off 
mud slides, and jacking flume back and up on bench 
to maintain on grade. 

In the fall there is danger from brush fires that 
start spontaneously on the hillsides, often covering 
large areas. In these cases special patrols are sent 
out to protect the flume and bridges. On occasion a 
series of auger-bit holes have been drilled in the 
side of the flume at strategic points, allowing part of 
the tailings to run downhill and help extinguish the 
fires. 

The main drainpipes carrying the toe drainage 
from the dams are reamed out once a month to 
prevent their corroding with iron oxide deposits. 


For the same reason the aqueducts must be scraped 
and cleaned periodically. Aqueduct floors are re- 
vised and repaired every three years or so to take 
care of damage by rocks. 

One of the chief problems in maintaining the 
tailings disposal system is that so much of it is dif- 
ficult of access. All lumber for the flume, collars, 
sills, liners, and sideboards must first be cut to size 
and then transported to the nearest point on the 
railroad. From there it must be carried by mule to 
distripution points as close as possible to the point of 
ultimate use. In the tunnels in particular, this may 
be a mile or two away. In the final stage of trans- 
portation it is carried by workmen. Workmen also 
carry stones for cascade repairs and cement, sand, 
and gravel for cascades and flume liner repairs. In 
the tunnels even water for mixing concrete has to 
be carried in shoulderborne tanks and stored in 
empty 50-gal drums near the job several days before 
one of the major shutdowns. 

Wooden trestles and bridges are repaired as neces- 
sary, and the big steel bridges are checked pericdi- 
cally by the engineering department. 

In all, about 100 men are required to operate and 
maintain the Braden Copper Co. tailings disposal 
system. These men are distributed along the line 
at the different camps and moved around as the 
repair program requires. 


Mine Water Problems of the Pennsylvania 
Anthracite Region 


by H. A. Dierks 


ENNSYLVANIA’s anthracite region lies in the 

heart of the richest and most densely populated 
area of the U.S. Nearly 70 million people live within 
a radius of 500 miles, in which 130,000 manufactur- 
ing plants employ more than 8 million workers. 

The region comprises some 3000 sq miles and 
contains 484 sq miles of coal measures, which fold- 
ing and erosion have divided into four separate and 
distinct fields, known as the Northern, Eastern Mid- 
dle, Western Middle, and Southern. 

One million people live in the anthracite region 
proper, and their prosperity depends to a great ex- 
tent on the anthracite industry, which produces 
more than $200 million in new wealth for the U. S. 
each year. Nearly 80 pct of the tonnage shipped out 
of the region is handled by nine railroads, which 
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depend on this traffic for a large part of their rev- 
enue. 

It follows that the economic health and the very 
existence of this industry is of real concern not only 
to the region itself but also to the state of Pennsyl- 
vania and the country as a whole. 

Anthracite mining is one of the oldest mineral 
industries in America. About 1760 burning rock 
or stone coal was discovered on the hillsides of 
northeastern Pennsylvania. Within a few years a 
systematic search for coal bed outcrops was under 
way, and hand mining was begun. At first produc- 
tion was very limited, since anthracite was diffi- 
cult to burn and was not readily accepted as a fuel. 
Pennsylvania anthracite is one of the densest and 
hardest of all coals, and its content of volatile mat- 
ter is low. Consequently it does not ignite easily 
and it burns without smoke. 

About 1808 Judge Fell of Wilkes-Barre burned 
anthracite in an open grate fireplace and demon- 
strated proper handling of an anthracite fire. From 
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“Burning rock” was discovered on the hillsides of northeastern Pennsylvania in 1760 and in a few years the anthracite industry 
had been established. 


then on anthracite found steadily increasing con- 
sumer acceptance, primarily as a fuel for home 
heating and for steam generation. For a consider- 
able time it was burned as a metallurgical fuel. 
Mining enterprises sprang up over the entire region, 
and by 1837 annual production reached one million 
tons for the first time. Production rose steadily from 
year to year until a record of slightly less than 100 
million tons was achieved in 1917 with employment 
of more than 150,000 persons. Following a short 
period of peak production, which coincided with the 
extraordinary fuel requirements of World War I, 
demand for anthracite began a drastic and irreg- 
ular decline down to the present time. The princi- 
pal cause of this steadily diminishing demand can 
be found in the trend toward home heating with oil 
or natural gas, which lend themselves more readily 
to completely automatic operation. 

Present annual production of anthracite is about 
26 million tons, and industry employment is down 
to 35,000. About 15 billion tons of anthracite, 
enough to last 300 years at the present rate of pro- 
duction, is still mineable and constitutes an irre- 
placeable and extremely valuable commodity. 

Mine Water Problem: The steadily decreasing de- 
mand for anthracite has created many perplexing 
problems for the industry and economy of the re- 
gion. Most serious of these is the mine water prob- 
lem. 

Reduced demand for anthracite forced curtail- 
ment of production that was accomplished with 
closing and abandonment of many mines, particu- 
larly those with relatively high production and 
pumping costs. Closing of a mine, however, is not 
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followed by a reduction in surface water seepage. 
Because of breaches at various altitudes in the bar- 
rier pillars between adjoining mines, the burden of 
pumping the water from abandoned mines is placed 
inevitably on adjoining active mines. 

The approximate annual cost of pumping in all 
mines of the anthracite region is nearly $12 million. 
More than 160 billion gal of water must be pumped 
yearly from the mines over an average hydrostatic 
head of 500 ft. For this task, more than 700 pumps 
are now installed in active anthracite mines, near- 
ly 60 pct of them in mines of the Northern field. 

The effect of this enormous pumping load on the 
economics of mining in the face of diminishing pro- 
duction is demonstrated clearly by ratios of tons 
of water pumped to tons of anthracite hoisted from 
underground operations: in 1920 the ratio was 8 
tons of water to 1 ton of coal; by 1940 the ratio 
was 14 to 1; by 1951 it was 27 to 1; and it is now ap- 
proximately 56 to 1. 

The volume of water entering mine workings 
during and after a period of rainfall varies greatly 
with the different fields and even with adjoining 
mines in the same field. The reason is to be found 
in the condition of the strata, owing to the progress 
of coal extraction, particularly that from the upper- 
most beds, and to the ratios between precipitation, 
run-off, and infiltration as they vary for each period 
of rainfall in any given area. In this respect, the 
most important variables are severity and duration 
of storms; rate of evaporation, depending on tem- 
perature, humidity of the atmosphere, and dryness 
of the soil; transpiration, depending on the season 
and the amount of vegetation; status of the water 
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table; frost that seals crevices in the ground; and 
the presence of anchor ice, which seals the bottom 
of streams. 

From year to year and from one locality to an- 
other there is a wide difference in rainfall in the 
Pennsylvania anthracite region. In the last 25 years, 
annual rainfall has varied in the Northern field 
from a low of 26.5 in. in 1930 to a high of 54 in. in 
1945 and in the Southern field from a low of 30 in. 
in 1930 to a high of 60 in 1933. 

Maximum volumes of rainfall are important be- 
cause mine pumping facilities and sump capacities 
must be designed to handle that maximum inflow 
of water from the flash floods characteristic of the 
region; otherwise flooding of mine workings is 
inevitable. 

Geologic Structures, Rainfall, and Infiltration: 
The geologic structure of the coal measures in the 
anthracite region is typically basin and range, and 
the coal beds form canoe-shaped synclines under- 
lying the valleys between the mountain ranges. 
Consequently, all surface drainage from the hill- 
sides into the valleys must flow over the coal meas- 
ures. The four anthracite fields are traversed by 750 
miles of rivers and streams that are part of two 
large drainage basins, the Susquehanna River and 
the Delaware River. These rivers, streams, and 
creeks normally lose water through their beds, and 
mining operations near or under these stream beds 
have disturbed the natural condition of the strata, 
resulting in increased seepage into the mines. 

Since the beginning of mining in the Pennsyl- 
vania anthracite region, the general configuration 
of the terrain has changed, adversely affecting the 
original natural drainage facilities. The continued 
increase in the number and size of culm banks, cin- 
der dumps, stripping pits, and stripping spoil banks 
has caused blockages or changes in the normal flow 
of surface run-off to the streams flowing on the val- 
ley floor. Cracks and caves from surface subsidence 
permit water to enter underground workings, and 
denuded woodlands drastically affect the natural 
control of run-off by reducing evaporation and 
transpiration. 

Early mining operations took only the best, thick- 
est, and most accessible anthracite beds, and little 
thought was given to conserving reserves for the 
future. Subsequent mining was made more difficult, 
costly, and hazardous by this lack of foresight, and, 
unfortunately, mining today is still conducted with 
the primary object of extracting as much of the 
anthracite beds as possible, with little attention to 
the ultimate effect on mine drainage. Although 
present mining is conducted with regard to pre- 
venting rapid and catastrophic inundation of the 
mines, in conformity with existing mine laws, no 
coordinated scheme deals with the mine water 
problem as it relates to mine planning, barrier pil- 
lars, and underground connections between adja- 
cent mines. 

Water that infiltrates into underground mine 
workings can be attributed to surface seepage, bar- 
rier-pillar seepage, or both. 

Natural stream beds are pervious; however, they 
must continue to serve as the ultimate channels for 
surface run-off and to receive the discharge from 
mine pumps and gravity drainage from mine work- 
ings. Generally speaking, important stream beds in 
the anthracite region are less pervious than the ter- 
rain surrounding them, because mining operations 
directly underneath the stream beds have usually 


1142—MINING ENGINEERING, OCTOBER 1957 


been conducted so as to prevent or minimize breaks 
in the rock strata underlying the streams. Although 
many small apertures in the rock strata underneath 
a stream bed may become sealed with silt and sludge, 
nevertheless large volumes of water infiltrate the 
mine workings through such openings under the 
750 miles of stream beds that traverse the anthra- 
cite measures. It must therefore be reasoned that 
water pumped or drained from a mine and con- 
ducted to a natural surface watercourse does not 
necessarily remain confined but may contribute to 
the volume of water that must be pumped from 
some other mine farther downstream. 

Barrier Pillars: A barrier pillar performs several 
important functions in anthracite mining opera- 
tions. Its principal function, however, is to act as a 
dam to prevent water that accumulates in a mine 
from suddenly breaking into an adjacent mine. 

It was not until 1891 that the Pennsylvania Gen- 
eral Assembly passed a law making it mandatory to 
establish barrier pillars along the line of adjoining 
properties, but by that time the mine water problem 
was already in existence. 

The barrier pillar system of the anthracite region 
consists of about 450 barrier pillar units, totaling 
344 miles. They separate 225 mines, of which more 
than half are abandoned and contain more than 120 
billion gal of water in underground pools. 

Many of these barrier pillars were given inad- 
equate dimensions; others have been breached by 
tunnels or gangways, or their stability has been im- 
paired by the encroachment or subsidence of adja- 
cent mine workings. 

Character of Anthracite Mine Water: Although 
anthracite mine water is acid and destructive to 
iron, steel, and cast iron, it is not nearly as acid as 
the majority of mine waters formed in bituminous 
coal mines. The average acidity, determined from a 
great number of water samples taken from almost 
all the mines of the anthracite region, shows a pH 
factor of 3.2. The chief source of acid in the mine 
water is the iron sulfide (FeS) that occurs in the 
coal seams and in the associated rock as pyrite or 
as marcasite. By oxidation, in the presence of mois- 
ture, ferrous sulfate (FeSO,) and subsequently sul- 
furic acid (H.SO,) in solution are produced. The 
former changes to ferric sulfate and forms a rust- 
colored precipitate, known as yellow boy, which so 
encrusts pumps and pipelines that periodic removal 
is necessary. 

These characteristics of anthracite mine water 
make it imperative that pumping equipment and 
pipelines in contact with the water be made of cor- 
rosion-resisting material, such as bronze or stain- 
less steel, or be protected, where feasible, with rub- 
ber or bituminous compounds. 

History of Engineering Study: In the search for 
a satisfactory solution, the anthracite mine water 
problem has been the subject of many and varied 
studies, plans, and efforts made not only by the coal 
companies and the Commonwealth of Pennsylvania 
but most extensively by the Federal Government. 
Most prominent and far-reaching was the USBM 
study carried out from 1944 to 1954 by engineers of 
the Anthracite Flood-Prevention Section. In the 
course of this study the USBM published 25 bul- 
letins, information circulars, reports of investiga- 
tions, and technical papers on all aspects of the 
mine water problem, such as pumping records of 
all mines, underground mine water pools, condition 
of barrier pillars, evaluation of surface and stream 
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bed seepages, corrosion properties of mine water, 
and mapping of the buried valley of the Susque- 
hanna River. 

At the conclusion of the engineering study, com- 
prehensive recommendations were made for a pos- 
sible solution of the anthracite mine water problem. 
Most spectacular and ambitious was a plan for 
an extensive drainage tunnel system that would 
provide for gravity drainage of all anthracite mine 
water into the estuaries of either the Susquehanna 
River or the Delaware River. The plan called for 
driving a main tunnel 137 miles long, with several 
lateral or branch tunnels leading to the four separ- 
ate anthracite fields. 

In 1954 the Commonwealth of Pennsylvania es- 
tablished a seven-man Anthracite Mine Drainage 
Commission, under the chairmanship of the Secre- 
tary of Mines, to evaluate proposals for dealing 
with the anthracite mine water problem and, more 
specifically, to review the drainage tunnel scheme. 

In October 1954 the Commission submitted a re- 
port to the Governor of Pennsylvania with a recom- 
mendation that the long-range tunnel plan be 
shelved, because of its magnitude in scope and ex- 
penditures, in favor of a short-range action plan of 
limited scope and cost. The plan recommended was 
a revision of a postwar employment proposal, form- 
ulated in 1943, providing for pumping plants in 
mines, and for ditches, stream bed improvement, 
and backfilling of stripping pits to reduce surface 
water seepage into the mines. 

Legislative Action: On the basis of a report by 
the Anthracite Mine Drainage Commission to the 
Governor of Pennsylvania, the General Assembly 
of Pennsylvania and the Congress of the U. S. 
enacted legislation that established a State-Federal 
Mine Drainage Program, for which a total appro- 
priation of $17,000,000 was to be made available. 
The 84th Congress enacted Public Law 162, author- 
izing the Secretary of the Interior to contribute an 
amount not to exceed $8.5 million to the Common- 
wealth of Pennsylvania, to be matched by Com- 
monwealth funds of an equal amount, for projects 
designed for the control and drainage of anthracite 
mine water. Such appropriations were made con- 
tingent, however, on prior approval of individual 
projects by the Secretary of the Interior and on the 
provision that the amounts contributed by the Sec- 
retary of the Interior, and the equally matched 
amounts contributed by the Commonwealth, should 
not be used for operating and maintaining projects 
constructed pursuant to the Act. 

The Commonwealth of Pennsylvania, by Act 82 
of the General Assembly, appropriated $8.5 million, 
to be matched by contributions from the Federal 
Government, for executing such a program and di- 
rected the Secretary of Mines and Mineral Indus- 
tries to construct ditches and flumes, backfill strip- 
ping pits, and crop falls; to improve stream beds 
for the purpose of preventing flow of surface water 
into mines; and to purchase and install pumps, 
pipes, machinery, equipment, and materials to 
pump water from abandoned mines. The Act also 
stipulates that no amounts appropriated shall be 
used for operating and maintaining facilities pro- 
vided, or for installing any underground facilities. 

Federal implementation of the mine drainage 
program was begun in September 1955 with es- 
tablishment of a Branch of Mine Drainage in the 
USBM Division of Anthracite, which is charged 
with conducting the engineering and inspection work 
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This creosoted wood flume is flowing near capacity after a 
heavy rainfall. Mine flooding is inevitable if maximum inflow 
of water from the flash floods common to the area is not 
considered in designing mine pump and sump capacities. 


involved in carrying out the Federal Government’s 
responsibilities in connection with all matters re- 
lating to the control of drainage of anthracite mines 
in accordance with Public Law 162, 84th Congress. 
The activities of the branch involve a general but 
through study of the entire anthracite mine water 
problem and, specifically, engineering evaluation of 
individual programs and projects to ascertain that 
they are planned, designed, and executed in com- 
pliance with the spirit and specific requirements of 
the special act and in accordance with certain ad- 
ministrative procedures established between the 
governmental agencies. 

The Commonwealth of Pennsylvania is imple- 
menting its part of the mine drainage program 
through the Department of Mines and Mineral In- 
dustries. A deputy secretary of this department is 
in charge of the activities and directs the formula- 
tion and execution of individual projects submitted 
by various anthracite mining companies, complete 
with plans and specifications attached to their peti- 
tions, for assistance in meeting the mine flooding 
hazard relating to a certain mine or group of 
adjoining mines. 

In conformity with Federal Act 162 and corres- 
ponding Commonwealth Act 82, the Pennsylvania 
Department of Mines and Mineral Industries has 
full responsibility for installing, operating, and 
maintaining projects constructed pursuant to these 
Acts and must give evidence, satisfactory to the 
Secretary of the Interior, that projects will be so 
located, operated, and maintained as to provide 
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maximum conservation of anthracite resources and 
that the Pennsylvania Department will enforce 
effective installation, operation, and maintenance 
safeguards. 

Flood Control Program in Action: Actual work 
contemplated under the State-Federal flood control 
program, now in progress, comprises installation or 
construction of three major types of facilities de- 
signed to assist the operating companies in their in- 
dividual and cooperative efforts to reduce pumping 
costs and prevent the flooding of active mines: 

1) Electrically driven deep-well pumps, of the 
vertical turbine type, to be placed in shafts or bore- 
holes of idle and abandoned mines for the purpose 
of controlling the level of the mine water pools and 
preventing overflow into adjacent active mines. 

2) Stream bed improvement to eliminate or at 
least materially reduce stream bed seepage by lin- 
ing the old channels with concrete slabs or bitumin- 
ous coatings, or by relocating channels onto non- 
caving or impervious ground or conducting the flow 
over broken and subsided surface in flumes or pipes 
made of wood, steel, or concrete. 

3) Surface improvement to reduce surface seep- 
age in certain limited critical areas by grading or 
ditching for unimpeded run-off and by backfilling 
and grading crop falls and abandoned stripping pits 
that are connected to underground workings. 

Of the total $17 million appropriated for the joint 
State-Federal mine flood control program, $7.5 mil- 
lion has been tentatively budgeted for deep-well 
pump installations, $6.5 million for stream bed and 
surface improvements, and $3 million for backfill- 
ing stripping pits and other miscellaneous corrective 
measures. 

Execution of the program will probably require 
four years, during which the Secretary of the In- 
terior will render to the Congress, on or before 
February Ist of each year, a report of progress and 
accomplishments. 

Because Act 82 of the General Assembly of Penn- 
sylvania specifically states that the Commonwealth 
shall not bear the installation costs of any under- 
ground facilities, all pumping plants to be fur- 
nished under the joint State-Federal flood-control 
program will be installed on the surface and will 
necessarily be of the deep-well type. 

Deep-well pumps are no novelty in the anthra- 
cite region; about 30 such pumps have been in op- 
eration at various anthracite mines during the last 
15 years. They are all of the vertical turbine type, 
capacity ranging from 1000 to 5000 gpm for heads 
up to 500 ft. Submersible pumps, so far, have found 
no acceptance in the anthracite region, principally 
because up to the present they have been built only 
for installations that require motors of less than 
450 hp. 

Under the joint State-Federal mine flood control 
program, capacity of most of the planned deep-well 
pumps will range from 3000 to 6000 gpm over hy- 
drostatic lifts of approximately 500 ft. One pro- 
posed installation, however, will consist of two 
pumps, each having a 3000-gpm capacity for a head 
of 1000 ft, requiring a 1000-hp motor. 

Based on results of the USBM research study of 
1954, which disclosed that all types of stainless 
steel containing over 12 pct Cr had adequate cor- 
rosion resistance in the most severely corrosive 
mine water in the anthracite region, it was con- 
sidered imperative that all parts of pumps and 
column lines coming in contact with mine water 
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should be made either of corrosive-resisting metal 
or alloy, or be protected with an acid-resisting 
cover material. Tests had also disclosed that the 
corrosion rate of the 88-2-10 bronze alloy (88 pct 
Cu, 2 pet Pb, and 10 pct Sn) was one-fourth that 
of 75-15-10 bronze alloy, which had been used al- 
most exclusively up to that time in the pumps of 
anthracite mines. Consequently, all bronze parts in 
the deep-well pumps to be furnished under the 
program will be of the 88-2-10 type, designated as 
SAE-63. The combined erosion and corrosion re- 
sistance of stainless steels with 18 pct Cr is about 
300 times higher than that of the 88-2-10 bronze 
alloy and 1200 times higher than that of the 75-15- 
10 bronze alloy. In view of these established facts, 
the specifications for the pumps to be purchased 
under the mine flood control program call for the 
widest application of stainless steel in all parts of 
the pumps that come in contact with mine water. 
Pump bowls are to be made of SAE-63 bronze. 
Column lines will be made of carbon steel but are 
to be lined and coated with a 3/16-in. semihard 
rubber compound. The flanges of the pipes cannot 
be covered with rubber; therefore, they will be 
made of stainless steel. 

All planned deep-well pump installations will 
be designed for automatic or semi-automatic opera- 
tion, actuated either by a time clock or float ar- 
rangement, or a combination of both. Operation and 
maintenance of the pumps will be the contractual 
duty of the owner of the mine where the pumping 
plant is located, or by the owner of an adjacent 
mine whose operation is protected by the facilities 
provided. 

Before any project proposal can be accepted and 
approved, the petitioner must conclude an opera- 
tion and maintenance agreement with the Common- 
wealth of Pennsylvania for a minimum period of 
five years, whether for a deep-well pumping plant, 
surface flume, or stream bed improvement project. 
Sixteen individual projects have so far been ap- 
proved or await approval. Contracts for these proj- 
ects will be awarded by the Pennsylvania Depart- 
ment of Mines and Mineral Industries to the lowest 
responsible bidder. 


Conclusions 


It must be emphasized that the present Federal- 
State mine drainage program does not completely 
solve the mine water problem of the anthracite re- 
gion. At best it is an emergency program designed 
to prevent disastrous mine floods. 

Should the future demand for energy derived 
from solid fuel increase in line with current pre- 
dictions, a stronger market for anthracite is a dis- 
tinct possibility. It is also expected that current re- 
search in the utilization, preparation, and mining 
of anthracite will bring about new markets for this 
commodity. Shrinking reserves of oil and natural 
gas will ultimately necessitate substituting other 
fuels if future U. S. energy requirements are to 
be met to the fullest extent in war and peace. It 
seems prudent national policy to assist the hard- 
pressed anthracite industry in preserving a basic 
natural resource that will provide: 1) a continuing 
source of supply for present users of anthracite; 
2) fuel insurance during national emergencies; 3) 
insurance against the untimely ultimate depletion 
of domestic oil and natural gas; and 4) continued 
economic health of a sizable segment of the popu- 
lation. 
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by W. R. Bendy 


*  cctiacerp is a large and costly part of Portland 
cement manufacture. Prior to clinkering in the 
rotary kiln, raw materials are ground to a fineness 
of 80 to 90 pct passing 200 mesh. Then, after burning 
and cooling, the resulting clinker is ground to about 
92 pct passing 325 mesh. 

In the cement industry the most favored method 
of grinding has always been by impact and attrition 
of a ball charge in a rotating mill. Other types of 
mills, in which materials are ground between die 
rings and rollers, or between die rings and large 
balls, are sometimes used for single-stage grinding 
and often for preliminary grinding followed by 
grinding in ball-type mills. Their efficiency is 
usually high, but maintenance and repair costs are 
high also, and the ball-type mill continues to be the 
most widely used. 

Together with 4 pct gypsum to retard setting time, 
the kiln run clinker—consisting of hard, semi-fused 
lumps that may have been crushed to —% in.—is 
ground to a Blaine surface area of 3000 sq cm per 
gram and about 92 pct passing 325 mesh. Approxi- 
mately 32 kw-hr per ton, or 6 kw-hr per 376-lb 
barrel, are consumed in the grinding mills alone, 
not counting auxiliaries. 

Open Circuit Clinker Grinding: Many early clinker 
grinding plants employed two-stage, open circuit 
grinding. Comparatively short mills of large diame- 
ter, loaded with balls 4 in. and smaller, first reduced 
the clinker to 95 pct passing 14 mesh. Tube mills of 
smaller diameter and greater length, loaded with 
balls 1% in. and smaller, carried out the fine grind- 
ing operation. 

An early development was to assemble two or 
more stages of grinding in a single mill having two, 
three, or four compartments separated by division 
heads. There were difficulties in balancing the com- 
partments, but compartment mills were popular in 
the 1920’s because the layout was simple and there 
were no elevators and conveyors. 

Oversize Particles: Open circuit mills, whether 
separate ball and tube mills or compartment mills, 
always encountered the problem of tramp oversize 
in the product. A small percentage of clinker sur- 
vived passage through the first grinding stage as 
particles—perhaps 1/16 in. diam—that were too 
large for the smaller balls in the following stages to 
reduce to —200 mesh. When the feed rate was low- 
ered to reduce tramp oversize, there were serious 
losses in grinding efficiency. 


W. R. BENDY is Head of W. R. Bendy Cement Engineers, St. 
Louis, Mo. 
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Modern Grinding Plant Design in the 
Cement Industry 


Many ingenious designs were perfected to incor- 
porate perforated screen plates or wire mesh screens 
in the ball mills or in the first compartments of com- 
partment mills. Their purpose was to prevent mate- 
rial passing out of the first stage until it was small 
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THREE COMPARTMENT MILL 
TOP: Open circuit ball and tube mills. 
BOTTOM: Open circuit compartment mill. 
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Designer's Check List 


. Raw and clinker mills in line. 

. Traveling crane over all mills. 

. Headroom and through passageway for trucks 
under mills. 

. Provision for storing, loading, and weighing 
grinding balls. 

. Spotting provisions on mill motors. 

. Hoisting beams over elevators. 

. Unimpeded, straight-line passageways for 
operators. 

. Access between floors by shortest route. 

. Centralized operating controls. 

. Strategically located welding outlets. 

. Permanent vacuum cleaning system and 
outlets. 

. Washroom facilities. 

. Chemical control laboratory in mill room. 
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TOP: Ball and tube mill with vibrating screen. 
BOTTOM: Compartment mill with vibrating screen. 


enough, Separate vibrating screens were also used, 
the tailings being returned to the mill. 

Closed Circuit with Air Separator: Although 
screens after the first stage of grinding largely solved 
the problem of tramp oversize, the final stage still 
remained in open circuit. With the passage of time, 
higher and higher cement finenesses were called for. 
Overheating and ball coating reduced grinding effi- 
ciency. It became increasingly costly to produce the 
new high-fineness cements in open circuit. 

The solution to these difficulties was the air sepa- 
rator, long used in Germany before it was adopted 
in the U. S. The original feed enters the separator at 
the top and falls onto a rotating plate, where it is 
thrown out by centrifugal force. While moving 
radially outward, the particles of cement encounter 
a cross-flow of air impelled by the rotating fan 
blades. Fine particles are picked up by the air cur- 
rent and deposited in the outer cone, leaving by the 
fines spout. Coarse particles are not picked up by 
the air and fall into the inner cone, leaving by the 
tailings spout. 

Although the air separator does not give a clean 
separation of particles finer than about 48 mesh, it 
does divide the mill product into fines and tailings. 
The fines contain more of the —200 mesh particles 


Particle Size Distribution in an Air Separator 


Fines Tailings 
from Air from Air 
Separator, 


Size Range, « 120 Pct 


+45 
~45 +30 
—30 +20 
—20 +10 
—10 


than the tailings, and, conversely, the tailings con- 
tain more of the +200 mesh particles than the fines. 
In the table in column 1 showing typical particle 
size distributions the tailings amount to about 1.2 
times the fines. It will be noted that the tailings con- 
tain some fine material. 

When the tailings from an air separator are re- 
turned to the mill, a circulating load is created. Al- 
though the circulating load contains a certain amount 
of fine particles, the material in transit through the 
mill is considerably coarser than in open circuit. 
This reduces the formation of coating on the small 
balls. It is also possible to draw a large quantity of 
air through the air separator, exhausting it to a 
bag-type dust collector, thereby cooling both the 
tailings being returned to the mill and the finished 
cement. Imperfect as the air separator may be as an 
accurate sizer of fine particles, it has the following 
advantages, which become more pronounced with 
high-fineness cements: 1) elimination of oversize 
particles; 2) reduction of ball coating; 3) lowering 
of temperature of mill and product; 4) some gain in 
mill output. 

The aim of closed circuit grinding is to remove 
fine particles before power is wasted in overgrinding 
them. In the case of cement, it is to desired to pro- 
duce surface area and a resultant plastic, workable 
concrete. Too great a reduction in the proportion of 
fine particles might be undesirable. For many years, 
therefore, the belief persisted that open circuit 
cements might have qualities superior to those of 
cements produced with an air separator, but re- 
peated investigations have failed to show any meas- 
urable difference. In this respect, the inefficiency of 
the air separator may be a desirable attribute in 
grinding cement. Most U. S. cement plants now use 
air separators in grinding cement. 

It is entirely feasible first to grind the clinker in 
a preliminary mill, and then to follow it with a tube 
mill in closed circuit with an air separator. This is 
done in many older installations, in which air sepa- 
rators have been applied to existing tube mills. 
Once the air separator is employed, however, no ad- 
vantage can be found in doing the preliminary 
grinding in a separate mill. Modern installations 
often use the closed circuit compartment mill, which 
is simpler. 

With an air separator it has been found equally 
feasible to use a short ball mill instead of a longer, 
multicompartment mill for grinding cement. The 
only requirement is that the clinker be crushed to 
about —% in. so that the mill can be loaded with a 
graduated charge having a maximum size of ball no 
larger than 3 in. So far no appreciable difference has 
been found in efficiency or in the quality of product 
between the closed circuit ball mill and the closed 
circuit compartment mill. 

In the closed circuit compartment mill illustrated 
here the tons per hour of separator fines is the same 
as the mill feed. Separator tailings form the circu- 
lating load. Circulating load, expressed as the ratio 
of tailings to the original mill feed, may be calcu- 
lated as follows: 


Separator tailings, tph 


Original mill feed, tph aX 
Pct fineness sep fines— pct fineness sep feed 


Circulating load = 


Pct fineness sep feed — pct fineness sep tailings 


Arrangement of Units for Clinker Grinding: The 
lowest capital investment for a cement plant of given 
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Data for One 1500-Hp Clinker 


Grinding Mill 


Air required for dust suppression 


Temperature of cement 


Installed Horsepower 


Excitation 

Separator 

Elevator 

Dust collector 

Cement pump 

Compressor for cement pump 
All feeding, conveying, and mis- 


Output 200 bbl per hr 
Feed size — % in. 
Fineness of product 3000 SS, Blaine 
Circulating load 600 pct 
Elevator capacity 270 tph 


and cement cooling 21,000 cfm 
Temperature of exhausted air 180°F 
200°F 


Mill 1500 
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cellaneous 30 
Total 2040 
Power Consumption Kw-Hr Per Bbl Kw-Hr Per Ton 
Mill alone 6.0 32.0 
Auxiliaries, less pumping 1.1 6.0 
Pumping finished cement 0.8 41 
Total 7.9 42.1 
Capital investment, including all 
equipment, installation, build- 
ing, electric wiring, transform- 
ers $700,000 
DIRECTION 
OF AIR FLOW 
INLET 
PIPE 
FINES 
Typical air separator. 
ELEVATOR 
4 
AIR SEPARATOR 
BIN 
TAILINGS 
FEEDER 
> 
" FINES 
COMPARTMENT MILL 


Compartment mill in closed circuit with air separator. 


Particle Size Distribution of Typical Cement 


Size Range, 


+45 25 
—45 +30 13 
—30 +20 17 
—20 +10 19 

—10 26 


* 1g = 0.001 mm or 1/25,400 in. 


size can be attained by using the fewest number of 
the largest units readily available. Grinding mills in 
the cement industry have reached the 1500-hp mark 
and will probably become even larger. For such a 
mill, the designer of a clinker grinding plant must 
assemble the equipment listed below. It will be un- 
derstood that many other size combinations are 
possible: 


Mill feed bins, with feeders. 

A 12%x18-ft ball mill. 

A 1500-hp, 200-rpm motor. 

A 10-ton service crane for repairing the mill. 

A 16-ft diam air separator. 

A 270-tph elevator, for 600 pct circulating load. 
A 21,000-cfm dust collector. 


A longer mill of small diameter, with two com- 
partments separated by a division head, may be 
substituted for the short ball mill. 

Various arrangements of this equipment are pos- 
sible. If the air separator is placed near the dis- 
charge end of the mill, the elevator can be conven- 
iently located next to the air separator. The tailings 
must then be conveyed back to the feed end of the 
mill. If the tailings conveyor is located beneath the 
service crane, there is some restriction to the move- 
ment of the crane hook. If it is placed above the 
service crane, the air separator must be installed 
higher. 

If the air separator and the elevator are placed at 
the feed end of the mill, the mill product can be 
conveyed back to the elevator by an airslide. All 
auxiliary equipment is concentrated in the high sec- 
tion of the building at the feed end of the mill. A 
lower section of the building houses the mill, motor, 
and service crane. 

In the illustrated variation of these arrangements, 
the elevator is placed at the discharge end of the 
mill and the air separator at the feed end. The mill 
product must then be carried from the head of the 
elevator to the air separator by a conveyor located 
above the service crane. 

Raw Material Grinding: In the cement industry 
raw material grinding may be carried out as part of 
the wet process, in which a slurry is produced for 
feeding to the rotary kilns, or by the dry process, in 
which dry pulverized raw material is fed to the 
kilns. The most common primary material is lime- 
stone, although cement rock, marl, or marine shells 
are sometimes used. Secondary materials are usu- 
ally shale or clay. In the wet process they may be 
ground with the limestone or ground or washed sep- 
arately and blended in later in the form of slurry. 
In the dry process they are ground with the lime- 
stone. 

In contrast to clinker grinding, surface area is 
probably less important in raw grinding than elimi- 
nation of all particles above a certain size (perhaps 
100 mesh) that do not react readily in the rotary 
kiln. With open circuit grinding a fineness of at least 
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Data for One 1000-Hp Raw Grinding Mill 


Output 200 bbl per hr (60 tph) 
Feed size — % in. 
Fineness of product 80 pct passing 200 mesh 
Circulating load 500 pct 
Elevator capacity 360 tph 
Average moisture in raw mate- 

rials 5 pet 
Air required for dust suppres- 

sion and drying 18,000 cfm 
Temperature or air to separator 600° to 800°F 
Temperature of air to dust col- 

lector 180°F 
Dewpoint of air to dust collector 120°F 


Installed Horsepower 
Mill 
Excitation 
Separator 
Elevator 
Dust collector 
Cement pump 
Compressor for cement pump 
All feeding, conveying, and mis- 
cellaneous 
Total 


Power Consumption Kw-Hr Per Bbl Kw-Hr Per Ton 
Mill alone 4.0 
Auxiliaries, less pumping 1.0 
Pumping raw material 0.8 
Total 5.8 
Capital investment, including all 
equipment, installation, build- 
ing, electric wiring, transform- 
ers $650,000 


90 pct passing 200 mesh is commonly used. With 
closed circuit grinding, resulting in fewer coarse 
particles and fewer ultrafine particles, finenesses of 
80 pct passing 200 mesh often give a perfectly satis- 
factory kiln feed. 

Grindability of raw materials varies widely. Com- 
pared to about 32 kw-hr per ton for clinker, raw 
material grinding may consume 12 to 22 kw-hr per 
ton, depending on the use of wet or dry grinding 
and on grindability of the material. Owing to loss 
of weight by calcination, the weight of dry raw 
material to be ground is about 1.6 times the weight 
of finished cement. Despite this, raw grinding con- 
sumes only 65 pct as much power in the process of 
cement making as that required for clinker grinding. 

Combined Raw Drying and Grinding: The older 
system is to pre-dry the raw materials in rotary 
driers before grinding. The modern system is to 
flash-dry in the air separator. Both the original feed 
and the mill product are fed to the air separator, 
through which a large volume of preheated air is 
drawn and exhausted to a bag-type dust collector. 
The tailings from the air separator are practically 
dry and form the only feed to the mill. Enough air 
must be supplied to act as a vehicle for the water 
vapor, in order to avoid condensation in the dust 
collector. 

Dry raw material grinding has undergone the 
same changes as clinker grinding in developing from 
two-stage open circuit to single-stage closed circuit. 
However, a compartment mill is not considered suit- 
able or necessary for combined drying and grinding 
—the single-compartment ball mill is usually em- 
ployed. 

The chief difference between modern dry raw 
grinding and clinker grinding is that a hot air fur- 
nace must be provided to heat the air supplied to the 
air separator. The original feed passes through the 
air separator before entering the mill. 

Wet Material Grinding in Open Circuit: In the 
cement industry wet raw grinding has gone through 
stages of development similar to clinker grinding. 
The first step was two-stage grinding in open circuit, 
either with ball mills followed by tube mills or with 
compartment mills. Then screens were added after 
the first stage to avoid tramp oversize particles. The 
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ABOVE: Combined raw and clinker grinding department dry process. 


RIGHT: Combined raw and clinker grinding department wet process. 


similarity ceases at this point, because in the second 
stage no method of classifying fine particles is very 
effective with the viscous slurry required for kiln 
feed. Thin slurry classification requires subsequent 
thickening, which is sometimes regarded as an un- 
desirable complication of the process. The final stage 
of wet grinding has therefore remained in open cir- 
cuit at many wet process cement plants, both old 
and new. 

To obtain the lowest possible fuel consumption in 
the rotary kilns the slurry is ground in a highly vis- 
cous state with as little water as possible. Usual 
moisture content is about 35 pct, although some 
raw materials require 40 pct or higher. Each 1 pct 
of additional moisture content increases the fuel 
consumption per unit of output by about 1.8 pct. 

Closed Circuit Wet Grinding: To close the final 
stage of the wet grinding circuit with a bowl, rake, 
or screw classifier the slurry must be diluted to 
about 80 pct moisture. Thickeners are needed to 
reach an acceptable kiln feed moisture. 

In 1930 the first thin slurry, full closed circuit, 
wet grinding system was installed by Dewey Port- 
land Cement Co. at Davenport, Iowa. The first com- 
partments of existing compartment mills were op- 
erated in closed circuit with rake classifiers, the sec- 
ond compartments with rake-bowl classifiers. In 
1938 Universal Atlas Cement Co. installed at Mill 
No. 8 a complete closed circuit wet grinding system 
using 350-hp preliminary mills followed by similar 
secondary mills. An identical grinding system was 
installed at Mill No. 2 in 1944, and similar installa- 
tions have been made elsewhere. In 1950 the Mis- 
souri Portland Cement Co. at St. Louis installed 


TRANSACTIONS AIME 


PASSAGEWAY 


BIN |1000 HP MOTOR) 
| | 
converor raw! 
FEEDERY, 


Sy 4 
= — j | 
' + 
at J J 
VUVUUV 


[ oust couector | MOTOR 


lservice crane 


i 


single-stage closed circuit grinding, using a 1000-hp 
ball mill in closed circuit with a rake-bow] classifier. 

Compared with open circuit grinding, the gain in 
efficiency in all these cases was phenomenal—75 to 
125 pct in output per installed mill horsepower, or 
43 to 55 pct lower mill power consumption per unit 
of output. Ball wear per ton of product, which is 
considerably higher for wet grinding than for dry, 
was greatly reduced. 

Generally there has not been much trouble using 
large diameter thickeners to bring the 80 pct mois- 
ture slurry down to normal kiln feed moisture. In 
some instances, however, there were difficulties, par- 
ticularly with limestones containing colloidal im- 
purities, or with fine colloidal clay or shale used as 
the argillaceous component of the raw materials. 

Although they are seldom serious, these occasional 
difficulties have slowed the trend toward wet closed 
circuit grinding in the cement industry. Some com- 
panies have installed wet, open circuit compartment 
mills, with various forms of screens to control the 
tramp oversize, preferring the lower efficiency to 
the unknown difficulties of slurry thickening. 

Combined Raw and Finish Grinding Departments: 
To save labor and simplify the electrical system, it 
is highly desirable to have all grinding mills, both 
raw and clinker, arranged in one building. A single 
crane, for servicing and repairing all the mills, is a 
great advantage. It is also convenient to set the mills 
in a line high enough for a truck to pass beneath 
them from one end of the mill room to the other. The 
service crane and truck passageway greatly facili- 
tate handling manhole covers, repair parts, and ball 
charges. 
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Thermal Drying of Fine Coal 


by G. L. Judy and H. L. Washburn 


URING recent years thermal drying of fine coal 

has increased at a tremendous rate, but very 
little discussion of the several excellent units has 
found its way into print. This is particularly true for 
operating and maintenance costs, and the operator 
who is faced with his first fine coal drying installa- 
tion must depend chiefly on hearsay when trying to 
determine what his drying costs will be. 

This article presents the maintenance and oper- 
ating costs for the seven drying units now installed 
in preparation plants of Pittsburgh Consolidation 
Coal Co. and lists other cost information that should 
be obtained before any particular drying unit is 
selected. 

Plant Description: The fine coal drying section of 
Plant A consists of four Flash driers operating on 
two furnaces equipped with spreader stokers. Plant 
B has one Flash drier operating (together with a 
screen-type coarse coal drier) on one furnace 
equipped with a spreader stoker. Plant C has two 
Cascade-type driers operating on a single furnace 
with a spreader stoker. 

Plant Costs: Tables I, II, and III present the cost 
of operating these units as reported by the individ- 


G. L. JUDY and H. L. WASHBURN, Members AIME, are Vice 
President and Preparation Manager, respectively, Consolidation Coal 
Co. (W. Va.), Division of Pittsburgh Consolidation Coal Co., Fair- 
mont, W. Va. 

TP 4628F. Manuscript, March 7, 1957. New Orleans Meeting, 
February 1957. 


ual plants. As can be seen, the labor rates vary, de- 
pending on the amount of overtime paid and the 
time interval the cost figures cover. There is con- 
siderable variation in thermal units used and in the 
value given to the thermal units at the particular 
mine. There is some difference in power costs at a 
given location and, finally, the power costs of con- 
veyors leading to the drying plants were included 
in some cases. Maintenance supply costs are simply 
a tabulation of the cost of all supplies used on the 
driers, furnaces, and stokers. Depreciation is not in- 
cluded, and the tables omit items such as super- 
vision, plant cleanup, oiling, general maintenance, 
taxes, and insurance. 

These tables in themselves do not offer a true 
comparison of costs. This information must be re- 
duced to some common basis. But what is this com- 
mon basis to be? A mine operator must calculate his 
overall mine and preparation plant costs in terms of 
tons of clean coal sold. Unit costs on pieces of equip- 
ment within a given plant are correctly calculated 
on the same basis. However, when unit costs are 
compared between one plant and another, some 
thought must be given to unit design. This reason- 
ing is similar to the old argument concerning solid 
bowl vs basket-type centrifuges—the units them- 
selves are not directly comparable without their 
supporting equipment. So it is with thermal driers. 
Except in rare cases of low entering moisture con- 
tent, driers are sized on the basis of water that must 
be evaporated, while the wear each unit gets de- 


Table |. Flash Drying Costs, Including Furnaces, for 
1955 at Preparation Plant A of Pittsburgh 
Consolidation Coal Co. 


Cost Per 
Ton of Coal 
(at 0.0 Pet Surface 
Amount, Moisture) Dried 
Item ~ by Equipment, $ 


Operating Labor 
(Average rate = $2.525) 
Supply 
Maintenance Labor 
(Average rate = $3.641) 
Supply 
Fuel @ $0.75 per ton 
(9,000 Btu) 
*Power 
(1056.4 connected horsepower) 
Total Cost 
Size dried 
Tons @ 0.0 pct surface moisture 
Operation of driers, hr 
Tons per hour dried (@ 0.0 pct 
surface moisture) 
Surface moisture input 
Surface moisture output 


10,705.01 
26,426.83 
26,382.78 
22,132.80 


30,294.06 
115,941.48 


Seam 
Inherent moisture 


Table Il. Flash Drying Costs, Including Furnaces, for 
1955 at Preparation Plant B of Pittsburgh 
Consolidation Coal Co. 


Cost Per 
Ton of Coal 
(at 0.0 Pet Surface 
Moisture) Dried 
Item x by Equipment, $ 


Operating Labor 
(Average rate = $2.967) 
Supply 
Maintenance Labor 
(Average rate = $3.531) 
Supply 
Fuel @ $3.02 per ton 
*Power 
(209 connected horsepower) 
Total Cost 
Size dried 
Tons @ 0.0 pct surface moisture 
Operation of driers, hr 
Tons per hour dried (@ 0.0 pct 
surface moisture) 
Surface moisture input 
Surface moisture output 


Seam 
Inherent moisture 


* Actual connected horsepower on driers and furnaces = 779 hp. 
Power costs calculated from following information: $161,750.87 
power cost for 5640 connected horsepower for 4240 operating hours. 


* Actual connected horsepower on driers and furnaces = 192 hp. 
Power costs calculated from following information: $0.0103 per 
kw-hr and 1815.50 operating hours. 
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0.0103 
—_— 2,699.19 0.0271 
0.0255 
0.0255 1,733.79 0.0174 
553.59 0.0056 
0.0214 2,932.42 0.0294 
0.0292 2,918.30 0.0293 
0.1119 10,837.29 0.1088 
™% x 0 in. 3/16 x 0 in. 
; 1,036,408 99,695 
4,240 1815.50 
244.4 54.9 
8.5 pet 7.5 pet 
2.5 pct 2.5 pet 
1.9 to 2.0 pct 1.9 to 2.0 pct 


Table IV. Comparative Costs of Thermal Drying Units 


Preparation Plant A 


Preparation Plant B Preparation Plant C 


Hours Cost Per Cost Per Hours Cost Per Cost Per Heurs Cost Per Cost Per 
Per Ton Ton of Ton of Per Ton Ton of Ten of Per Ton Ten of Ton of 
of 6.0 Pet 0.0 Pet Water of 0.0 Pet 0.0 Pet Water of 6.0 Pet 0.0 Pet Water 
8.M. Coal 8.M. Coal Evapo- 8.M. Coal 8.M. Coal Evapo- 8.M. Coal 8.M. Coal Evapeo- 
Dried Dried, $ rated, $ Dried Dried, $ rated, $ Dried Dried, $ rated, § 


Item 


Operating 
Labor (rate $2.818) 0.004091 0.0115 0.171 0.009125 
Maintenance 
Labor (rate $2.986) 0.007003 0.0209 0.311 0.004925 
Supplies 0.0255 0.379 
Subtotal 0.011094 0.0579 0.861 0.014050 


1 

(at 2200 Btu per 
Ib water evap- 
orated and 16¢ per 
MM 


Btu 0.0473 
Power 

(at $0.007 per con- 

nected horsepower) 


0.703 


0.0223 0.331 
(779 conn. hp) (779 conn. hp) 
Total cost 0.1275 1.895 
Composite of Fcllow- 
ing Costs in Pro- 
portion to Their 
Tonnage 


1. Cost per ton of 
0.0 pet S.M. coal 
dried 


2. Cost per ton of 
water evaporat- 
ed. 


0.0257 0.463 0.009841 0.0277 

0.0147 0.265 0.002253 0.0067 0.074 
0.0056 0.101 0.0171 0.188 
0.0460 0.829 0.012094 0.0515 0.567 


0.0390 0.704 0.0639 0.705 


0.0245 0.442 0.0233 0.257 
(192 conn. hp) (192 conn. hp; (366 conn. hp) (366 conn. hp) 
0.1095 1.975 9.1387 1.529 


0.2074 


0.2544 


pends chiefly on the amount of coal handled. There- 
fore, when drying units in different plants are com- 
pared, the cost per unit weight of water evaporated 
must be calculated as well as the cost per unit 
weight of dry coal handled. 

The writers have chosen a set of conditions and 
made these calculations, presented in Table IV. The 
labor rate happens to be that in effect at one of the 
Pittsburgh Consolidation Coal Co. mines. It has been 
assumed that an efficient drying plant should be 
able to operate on 2200 Btu per lb of water evapo- 
rated and that those thermal units have a value of 
$0.16 per million. Average cost of power per con- 
nected horsepower-hour for the three plants was 
selected as representative for this calculation. Table 
IV reveals that on the basis of cost per ton of 0.0 pct 
surface moisture coal Plant C has the highest cost 


Table II1. Cascade Drying Costs from May 1953 to 
November 1956 at Preparation Plant C of Pittsburgh 
Consolidation Coal Co. 


Cost Per 
Ten of Coal 
(at 0.0 Pet Surface 


Ameusnt, Moisture) Dried 
Item s by Equipment, $ 

Operating Labor 

(Average rate = $2.480) 36,683.00 0.0244 

Supply 
Maintenance Labor 

(Average rate = $2.648) 9,240.00 0.0062 

Supply 25,593.00 0.0171 
Fuel @ $3.85 per ton 58,958.00 .0393 
*Power 

(366 connected horsepower) 31,702.00 0.0211 
Total Cost 162,176.00 0.1081 

Size dried % x 0 in. 

Tons @ 0.0 pct surface moisture 1,500,812 

Operation of driers, hr 13,660 

Tons per hour dried (@ 0.0 pct 

surface moisture) 109.9 

Surface moisture input 10 pet 

Surface moisture output 2.0 pet 

Seam Pittsburgh 

Inherent moisture 1.0 pet 


* Power calculated on basis of horsepower actually connected to 
driers and furnaces, as follows: 85 pct efficiency—13,660 operating 
hours—0.0l¢ per kw-hr. 
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and Plant B the lowest. On the basis of cost per ton 
of water evaporated the standings are reversed— 
Plant C has the lowest cost and Plant B the highest. 
It is interesting to compare the weighted composite 
of these two cost figures for the three plants. 


Plant A Plant B Plant C 


Weighted composite of the cost per 
ton of 0 pct surface moisture coal 
dried and the cost per ton of water 
evaporated. 


$0.2388 $0.2074 $0.2544 


Inaccuracies in the tabulation of costs presented 
here could result in the difference between the high 
and low values shown above, and the writers believe 
that if these two types of driers were fed the same 
product in the same plant, maintenance and operat- 
ing costs would be about the same. It must be re- 
membered that these costs do not include depreci- 
ation and general plant overhead, and these are sig- 
nificant items. It must also be emphasized that cost 
of drying is not a fixed value that will stand up in 
all operating conditions and locations. It is a func- 
tion of individual conditions. If the information pre- 
sented in this article is to be of value the following 
steps should be taken: 


1) A calculation (such as Table IV) should be 
made on the basis of labor, fuel, and power costs 
at a particular mine. 


2) A depreciation cost for the installation must be 
determined. Since driers of different design are not 
interchangeable on a capacity basis, there can be 
significant differences in capital costs between in- 
stallations. 


3) The plant layout should be studied to deter- 
mine if the use of other types of driers will result 
in an overall saving in plant structure and con- 
veyors. 


4) Finally, the purchaser should determine, to his 
own satisfaction, that the drying units offered will 
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evaporate the guaranteed amount of water under 
the operating conditions set out in the guarantee. 
From a cost standpoint, items 2 and 3 are particu- 
larly important. Experience has shown that when 
all other factors are equal the decision as to which 
drying unit to use is often determined by unit and 
structural costs alone. 
Although there are many factors other than costs 


to be considered before a fine coal drying unit can 
be selected that is right for the particular job, this 
information will provide a starting point. 

Selection of equipment cannot be made without a 
thorough cost analysis. The proper piece of equip- 
ment for an individual installation cannot always be 
the cheapest unit, but a knowledge of the price be- 
ing paid for certain advantages is essential. 


Technical Note 


Danger Period in Coal Mines Following a Low Pressure Passage 


ECAUSE of the well known relationship be- 
tween a low atmospheric pressure and increased 
amounts of methane in coal mines, attempts have 
been made to find associations between low pres- 
sures and coal mine explosions. 

An early study by F. Able disclaimed this rela- 
tionship. He found that half the explosions took 
place during a rising barometer when methane con- 
tent in a ventilated mine would be decreasing. A 
more recent study by C. L. Hosler revealed a close 
relationship between anthracite mine explosions and 
low atmospheric pressure. Bituminous coal mine ex- 
plosions, where coal dust as well as methane can be 
exploded, were found to be more closely associated 
with a rising pressure following a low barometer 
than with the falling or low pressure period. 

Emphasis on rising pressure periods led the pres- 
ent writer to investigate the effect of the post-frontal 
or post-cyclonic weather on coal dust. 

Dust samples of uniform mesh were exposed in an 
Illinois mine. Analyses of the dust taken before and 
after the passage of cold fronts and their accom- 
panying low pressure troughs indicated an increase 
in coal dust moisture prior to a frontal passage and 
loss of moisture from coal dust following the time 
of lowest pressure. Thus the warm, moist air (Tropi- 
cal Maritime) found over the mine during the fall- 
ing pressure period was cooled in the mine and 
moisture added to the dust. Cold, dry air (Polar 
Continental) accompanies the rising barometer fol- 
lowing a frontal passage and the air, being heated 
in the mine, subtracted moisture from the coal dust. 
A similar but seasonal phenomenon occurs from 
summer to winter, the dry dust period in winter 
being recognized as the more dangerous period. 

The question arose as to how the short period or 
daily changes in moisture content of coal dust com- 
pared with the seasonal changes. Temperature and 
humidity statistics were obtained from the surface 
and mine entry for the months of July and January. 
The gain and loss of moisture to the mine were cal- 
culated for these two months as were the gain and 
loss associated with mT (Tropical Maritime) and 
cP (Polar Continental) air masses as observed in the 
investigations. Temperature and humidity statistics 
taken from the two air masses represent a time span 
of only 34 hr. The resultant changes as presented 


“€ B. McINTOSH is with the Department of Geography, Eastern 
Illinois State University, Charleston, Ill. 
TN 437F. Manuscript, June 28, 1957. 
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by Charles Barron McIntosh 


Comparison of Seasonal and Air Mass Moisture 


Variations 
Aqueous Gain or Gain or 
Vapor in Less te Loss te 
Relative Grains per Mine in Mine in 
Type of Temper- Humid- Cubic Foot Grains per Gallens 
Air ature,°F ity, Pet of Air Cubic Foot per Day 
cP 
air mass 32.6 75 1.621 — 4.250 — 10,468 
January 
— 29.5 73 1.382 —4.489 — 11,059 
m 
P - mass 71.6 82 6.887 +1.016 + 2,506 
uly 
average 77.5 66 6.678 +0.807 + 1,987 


in the accompanying table verify the supposition 
that short period changes in coal mine moisture may 
attain the magnitude of recognized dangerous sea- 
sonal changes. Statistics for the mT air and the July 
air have been placed next each other and those for 
cP and January air together for easier comparison of 
the two warm and two cold air units. The last col- 
umn readily reveals that there is little difference in 
the amount of moisture being deposited in the mine 
from the mT air and the July average air. A similar 
conclusion is reached regarding the loss of moisture 
from the mine when it is affected by the cP air mass 
or the average January air. 

This comparison would be particularly true from 
late fall through early spring when strongly con- 
trasting air mass changes are a common occurrence. 

The invasion of cold, dry air following a cold 
front thus produces a drying period that could well 
receive more attention as a danger period for coal 
dust explosions. This drying period would compare 
with Able’s explosion period during a rising barom- 
eter. The drying period is also pertinent in Hosler’s 
findings, where it was noted that the average explo- 
sion day (for bituminous coal mines) followed the day 
of lowest atmospheric pressure. Moreover, the au- 
thor’s investigation of some 365 coal mine explosions 
also indicates that this post-frontal period should 
receive special attention in connection with mine 
safety measures. 

Two comparatively recent major explosions in 
Illinois (Centralia and West Frankfort) occurred 
after the mines had been under the influence of 
cold-dry air for 25 to 30 hr following a deep low 
pressure passage. Dust was the important explosive 
element in both these explosions. 


TRANSACTIONS AIME 


AIME OFFICERS: 
PRESIDENT—GROVER J. HOLT 
PAST-PRESIDENT—C. E. REISTLE, JR. 
PRESIDENT-ELECT—a. 8. KINZEL 


VICE-PRESIDENTS—E. C. BABSON, W. A. DEAN, 


L. E. ELKINS, J. . GILLSON, W. W. MEIN, JR., 


ROGER V. PIERC 
TREASURER—c. R. DODSON 


SECRETARY— ERNEST KIRKENDALL 
AIME STAFF: 


ASS’'T. SECRETARIES— J. 8. ALFORD, H. N. APPLETON, 


R. W. SHEARMAN 
ASS'T. TREASURER— P. J. APOL 


FIELD SECRETARY & ASS’T. SECY.— E. O'BRIEN, 
707 NEWHOUSE BLDG., SALT LAKE CITY 1, UTAH 


Coal-Energy Reservoir of North America 
Theme of Canada Conference 


One of the social highlights of the 
AIME-CIM-ASME Joint Solid Fuels 
Conference promises to be the Ban- 
quet which will be held Thursday 
evening, October 11. Carroll Hardy 
will present the Percy Nicholls 
Award for 1957 at the banquet over 


which T. S. Spicer, professor of fuel 
technology at Pennsylvania State 
University, will be presiding. 
Other social events planned are 
authors’ breakfasts each morning 
and a business luncheon on Thurs- 
(Continued on page 1154) 


Cruise Planned for Post Annual Meeting Trip 


A view of Pompano Beach, located on Bermuda's south shore. Bermuda will be the first 
of two stops on the Post Annual Meeting cruise. 


Traditional part of the prepara- 
tions for the AIME Annual Meeting 
includes plans for a post-convention 
trip—for relaxation only. This year 
anyone feeling the need for a holi- 
day after the rigors of the meeting 
can bask in the sun and enjoy a 
leisurely triangle cruise—New York 
to Bermuda to Nassau and back to 
New York. 

Arrangements have been made for 
space on the Queen of Bermuda for 
any members attending the 1958 An- 
nual Meeting. For detailed informa- 


tion, contact Leon V. Arnold, 33 
Washington Square West, New York, 
11, N. Y. 

The ship will depart from New 
York on February 21 and return on 
March 1. No hotel accommodations 
will be necessary at Bermuda or 
Nassau. 

Time in ports will be sufficient to 
shop and see the major attractions 
on the islands. 

Early requests will be accorded 
the choicest available space aboard 
ship. 


Society 


Institute 
Profession 


Miners Will Travel To 
Tampa, Fla., for Five 
Day October Meeting 


Final details are being completed 
by the committee and travel ar- 
rangements made by members of the 
Society of Mining Engineers of 
AIME who will be traveling to 
Tampa in October. This Florida city 
on October 15 to 18 will be the scene 
of the Southeastern States Mining 
Conference and first annual meeting 
of the Society of Mining Engineers 
and headquarters will be the Hills- 
boro and Tampa Terrace Hotels. 

SME President Elmer A. Jones 
and AIME President-Elect Augustus 
B. Kinzel will be featured guests at 
the conference. 

Some of the social highlights of 
the meeting are expected to be the 
welcoming luncheon and cocktail 
party on October 15, the banquet 
on October 16, and the deep sea 
fishing trip on October 19. Wives of 
those attending the meeting will be 
able to enjoy some of Florida’s 
favorite attractions for visitors— 
Cypress Gardens and the Gulf coast 
beaches. 

Several field trips are planned for 
October 17 and 18. On Thursday the 
phosphate field trips will offer op- 
portunities to visit the Noralyn 
Mine, International Minerals & 
Chemical Corp.; the triple super- 
phosphate plant, Davison Chemical 
Co.; or the phosphorus plant, 
American Agricultural Chemical Co. 
Alternate visits are planned for Fri- 
day to Florida Rock Products Inc., 
the Diamond Hill Mine, or Lehigh 
Portland Cement Co.’s plant. 

(Continued on page 1158) 


eee 

The Society of Mining Engi- 
neers has announced that 
Charles E. Lawall, vice presi- 
dent, Chesapeake & Ohio Rail- 
way Co., Cleveland, has been 
nominated to serve as 1958 
Eastern Vice President of the 
Society, and if elected, will 
take office in February 1958. 
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Broad Range of Papers 
Planned for Rocky 


Mountain Conference 


The Annual Rocky Mountain Min- 
erals Conference promises to be a 
combination of interesting technical 
sessions and social events. For news 
of the latter see August Minrnc EN- 
GINEERING, and for the full tentative 
program see page 1155 of this issue. 

The Cosmopolitan Hotel in Denver 
has been chosen as the headquarters 
of this fourth annual conference to 
be held from Oct. 30 to Nov. 1, 1957. 


Mining Papers 

The papers scheduled for the 
technical sessions cover a _ broad 
range of interests. One of those 
which will be of interest to mining 
men in general will be on the recent 
developments and exploration activ- 
ities of the Cerro de Pasco Corp. This 
paper will be presented by Frank 
N. Spencer, Jr., who is the resident 
mining engineer at the New York 
office of the company. 

Ground subsidence has always 
been a problem among mine opera- 
tors and has received attention for 
many years. Richard M. Stewart, 
assistant to the director, mining re- 
search, The Anaconda Co., has pre- 
pared a paper giving a great deal 
of information on the subject of 
ground support with hydraulic back- 
fill, a fast, inexpensive means of 
providing permanent ground support 
in an active stope. 

William C. Campbell will deal 
with mining operations in his paper 
on shaft sinking at Homestake, 
where sinking has been in progress 
at four shafts in the Homestake 
Mine during the past five years. 
Various methods have been used by 
Homestake in the different shafts 
with some variation in equipment. 
Mr. Campbell is assistant mining 
superintendent at the Homestake 
Mine, Lead, S. D. 

For the mining operator, ground 
water can be of intense interest and 
a paper on this subject has been 
prepared by Thad G. McLaughlin 
who, since 1951, has been the dis- 
trict geologist in charge of State- 
Federal ground water studies in 
Colorado. 

Max E. Kofford, chief geologist of 
Western Gold and Uranium-Golden 
Crown Mining Co. has prepared a 
paper of general interest to mine 
operators which describes Orphan 
Mine. 

Uranium 

Uranium mining has for some 
years received a great deal of atten- 
tion and with the intensive search 
for this mineral, sampling methods 
are of importance. A paper by John 
Q. St. Clair, consulting mining ge- 
ologist, presents information on 
channel sampling with diamond and 
abrasive wheels, a method first de- 
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veloped on the Witwatersrand gold 
field in South Africa. 

Harrison A. Schmitt, consulting 
geologist, will discuss copper in his 
paper on the Copper Province of the 
Southwest which includes Arizona 
and the neighboring parts of New 
Mexico and Sonora. This area pro- 
duces 55 pct of the U. S. production 
or about 15 pct of the world’s copper. 

Other papers of general interest 
will be presented and included in 
the final program, available at the 
meeting. A symposium on metal- 
lurgy and panels on uranium mining 
and geology have been scheduled. 
The uranium panels will probably 
be made up of eight or ten men who 
are recognized as experts. 


Coal Conference 


(Continued from page 1153) 


day at which C. Ouellet, dean of the 
Faculty of Science, Laval Univer- 
sity, will be the speaker. 

Some of the technical papers to 
be presented will be available in 
preprint form. The ASME papers so 
available will be listed by number 
in the program distributed at the 
meeting. Copies of these can be ob- 
tained from the ASME Order Dept., 
29 West 39th St., New York 18, N. Y. 
Prices are 25¢ each to members of 
ASME and 50¢ to nonmembers. 
Papers must be ordered by their 
numbers. The final listing of avail- 
able technical papers will be found 
in the issue of Mechanical Engineer- 
ing containing an account of the 
conference. 

AIME Joint Solid Fuels Confer- 
ence papers submitted for publica- 
tion will be considered for the Min- 
ing Transactions section and the 
Feature section of MINING ENGINEER- 


The St. Lawrence Seaway and 
Power Project, when completed, 
will have an effect on the use of 
coal for producing electricity. The 
Seaway will effect the marketing 
of coal and this subject will be 
discussed by John R. Firth, M. A. 
Hanna Co., at one of the technical 
sessions during the Solid Fuels 
Conference. At another session, 
conferees will catch up with the 
Seaway progress via a color film 
The Eighth Sea to be presented by 
H. V. Tidman, Hewitt Equipment 
Ltd. The view above was taken a 
year ago between Iroquois and 
Cornwall, Ont., a point which, in 
1955, had been apple orchards. 
When finished the area will be- 
come one of the major canal and 
lock systems of the Seaway. 


ING and if accepted will be pub- 
lished accordingly in Mrntnc ENGI!- 
NEERING. A limited number of these 
papers may be obtained from the 
Secretary, D. R. 


Coal Division 
Mitchell. 

CIM papers submitted for publica- 
tion will be considered for the 
Canadian Mining and Metallurgical 
Bulletin. For separate copies write 
to CIM headquarters, 906 Drummond 
Building, 117 St. Catherine St., W., 
Montreal 2, Canada. 

Members of the Coordinating 
Committee are: E. R. Mitchell, 
ASME, principal coordinator; A. 
Ignatieff, CIM, AIME; C. E. Baltzer; 
C. Gerow, CIM; Carl C. Kamm, CIM; 
E. Larochelle; G. Letendre, CIM; 
Cc. L. O’Brian, CIM; E. Swartzman, 
CIM; and A. A. Swinnerton, EIC, 
CIM. Biographies of some of the 
conference committee appeared in 
the September issue of MrIninGc EN- 
GINEERING on page 1016. 

C. E. Baltzer is chairman of the 
publicity committee and is assisted 
by William Bradbury. The technical 
session and reproduction of papers 
committee is under the chairmanship 
of E. Swartzman. Technical papers 
chairman is H. B. Charmbury. Pro- 
gram chairman for ASME is L. F. 
Deming and for AIME, D. R. 
Mitchell. G. Letendre is in charge 
of entertainment. 

Members of the Percy Nicholls 
Award committee are: Carroll 
Hardy, Elmer Kaiser, Edward Stei- 
dle, W. E. Reaser, and Harold B. 
Wickey. The ladies’ activities com- 
mittee includes: Mrs. G. Letendre, 
chairman; Mrs. C. Gerow; Mrs. A. 
Ignatieff; Mrs. E. R. Mitchell; Mrs. 
Cc. L. O’Brian; Mrs. T. S. Spicer; 
Mrs. E. Swartzman; and Mrs. R. H. 
Taschereau. 
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WEDNESDAY, OCTOBER 30, AM 


Registration 
9:00 to 12:00 Cosmopolitan Hotel Mezzanine 
Ladies’ Coffee 
9:00 to 12:00 Cosmopolitan Hotel Club Room 


President’s Luncheon 


12:00 to 2:00 Cosmopclitan Hotel Silver Glade 
Speaker: Grover J. Holt, AIME President 


WEDNESDAY, OCTOBER 30, PM 


Registration 
Cosmopolitan Hotel 


Ladies’ Coffee 
Cosmopolitan Hotel 


Technical Session 


2:00 to 5:00 

Milling Practice on the Mesabi Range: Earl C. 
Herkenhoff, Utah Construction Co. 

Shaft Sinking at Homestake: Wm. C. Campbell, 
Assistant Mine Superintendent 

Sampling at Rio de Oro: John G. St. Claire, Con- 
sulting Geologist 

Ground Water in Colorado: Thad G. McLaughlin, 
USGS 


2:00 to 4:00 Mezzanine 


2:00 to 4:00 Club Room 


Mining Companies and Suppliers 
Cocktail Party 
University Club 


6:00 to 7:00 


THURSDAY, OCTOBER 31, AM 


Western Breakfast 
Cosmopolitan Hotel 


7:30 to 9:00 


Registration 
Cosmopolitan Hotel 


Technical Session 


9:00 to 12:00 

The Metallurgy of Columbium and Tantalum: Sher- 
man May, USBM 

Tunneling: Theodore F. Adams, Blue River Con- 
structors 

Recent Developments, Exploration Activities of the 
Cerro de Pasco Corp.: F. N. Spencer, Jr., Cerro de 
Pasco Corp. 

Magma’s Limestone Replacement Orebody: Russell 
N. Webster, Magma Copper Co. 


9:00 to 12:00 


Mezzanine 


Rocky Mountain Minerals Conference Program 


Division Luncheons 


12:00 to 1:30 
Ladies’ Luncheon and Book Review 
12:00 Columbine Country Club 


Review by Mollie Lee Beresford 
Busses leave Cosmopolitan Hotel at 11:30 am. 


THURSDAY, OCTOBER 31, PM 


Technical Session 


2:00 to 5:00 

Pima Milling Operations: G. A. Komadina, Pima 
Mining Co. 

Hydraulic Backfilling: Richard M. Stewart, The 
Anaconda Co. 

A Survey of Electromagnetic Prospecting Methods: 
George R. Rogers, Bear Creek Mining Co. 

Status of Copper Mining in Southern Arizona: Har- 
rison A. Schmitt, Mining Geologist 


FRIDAY, NOVEMBER 1, AM 


Ladies’ Coffee 
Cosmopolitan Hotel 


Technical Session 


9:00 to 12:00 
Milling Practice of American Chrome Co.: Wm. H. 
Hisle, American Chrome Co. 
Recent Trends in Mining Machinery Development: 
C. C. Frush, Colorado School of Mines 
The Orphan Mine—Grand Canyon, Ariz.: Maz E. 
Kofford, Golden Crown Mining Co. 


9:00 to 12:00 Club Room 


Luncheon for Alumni Groups 


FRIDAY, NOVEMBER 1, PM 


Technical Session 


1:30 to 4:30 
Panel: Uranium Mining and Geology 
Panel: Uranium Metallurgy 


Informal Dinner-Dance 


7:00 Cosmopolitan Hotel Silver Glade 


SATURDAY, NOVEMBER 2 


Brewery Tour 
9:45 am Coors Brewery Golden, Colo. 
Bus trip leaves Denver at 9:45 am. Box Lunch and 
refreshments enroute. 


Football Game 


Colorado University vs Missouri University 
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Scott Turner, Mining 
Engineer, To Receive 
Hoover Medal for 1957 


In recognition of many years of 
outstanding public service in many 
capacities, Scott Turner, of New 
York, former director of the U. S. 
Bureau of Mines, has been named 
by the four major national engi- 
neering organizations to receive 
their jointly sponsored Hoover Med- 
al for 1957. 

Named after former President 
Herbert Hoover, who was its first 
recipient in 1930, it is awarded “by 
engineers to a fellow engineer for 
distinguished public service.” It is 
one of the most distinguished hon- 
ors bestowed by the profession. 
The sponsors are AIME, ASCE, 
ASME, and the AIEE. 

Presentation will be in New York 
next February ait the Annual 
Meeting of AIME, of which Mr. 
Hooover was President in 1920 and 
which Mr. Turner also headed as 
president. 

A statement by the medal board 
of award relates that it was created 
“to honor engineers whose pre-emi- 
nent services have advanced the 
well-being of mankind and whose 
talents have been devoted to the 
development of a richer and more 
enduring civilization” and that “the 
engineering societies award the 
Hoover Medal in recognition and 
appreciation of those principles and 
ideals of civic obligation and of pub- 
lic service exemplified by the life 
and work of Herbert Hoover.” 

Mr. Turner’s career, both as a 
mining engineer and as the head or 
member of major Government mis- 
sions, has taken him to many coun- 
tries and his achievements in both 
fields and in education have been 
hailed on many occasions. Some of 
his enterprises involved extremely 
hazardous situations and exacting 
diplomatic skill. He is the author of 


some 50 technical papers and has 
been the recipient of many formal 
honors from professional societies 
and universities. 

Born in Lansing, Mich., Scott 
Turner received an A.B. in science 
from the University of Michigan, 
which later conferred upon him the 
honorary degree of doctor of engi- 
neering. He received the degrees of 
B.S. and E.M. from Michigan Col- 
lege of Mines, which later, as the 
Michigan College of Mining and 
Technology, awarded him the hon- 
orary degree of doctor of engineer- 
ing. He also holds the honorary de- 
gree of doctor of science from Colo- 
rado School of Mines and from Ken- 
yon College. 

Mr. Turner’s early engineering 
years were occupied with a variety 
of activities in several Western 
states and in Alaska and by studies 
of properties in Northern Africa, 
Spain, Norway, Sweden, and other 
areas. Named in 1911 as general 
manager of a vast coal mining pro- 
ject in the far north, he had the 
responsibility of maintaining Ameri- 
can sovereignty over some _ 600 
square miles of an unclaimed, un- 
inhabited no man’s land 700 miles 
from the North Pole. Mr. Turner 
wrote and administered laws; or- 
ganized measures for the health, 


safety, food, and employment of 600 
men; designed and built docks, 
tramways, industrial railways, elec- 
tric power plants; opened and op- 
erated mines producing high grade 
semibituminous coal; created an in- 
dustrial town; and in many other 
ways met, mastered, and maintained 
hazardous and trying conditions in a 
country where permafrost was 2000 
ft thick. 

Not the least of the exacting de- 
mands on Mr. Turner’s administra- 
tion of affairs were during the eight 
months when the Spotsbergen route 
was ice-blocked. Exceptional diplo- 
matic tact was required in the ejec- 
tion of trespassing groups sent by 
various European countries, par- 
ticularly Russia, while at the same 
time maintaining working relations 
with envious European govern- 
ments. 

When World War I brought new 
dangers to a normally difficult 
situation, the properties were op- 
tioned to Russia. En route from 
Boston to Petrograd to complete the 
sale, Mr. Turner was injured in the 
disastrous torpedoing of the Lusi- 
tania, on which he was a passenger. 
He was hospitalized in London. Rus- 
sia’s chaotic turn of events turned 
Mr. Turner toward Norway, where 
he sold the properties to a syndi- 
cate. 

A few weeks later, he began for 
a group of London bankers an im- 
portant two-year study of mines in 
South America. He returned to the 
U. S. to receive a commission as 
lieutenant, senior grade, in the 
Navy. He served under the chief of 
the Bureau of Engineering. After 
the war, Mr Turner was technical 
head of the Mining Corp. of Canada 
for seven years, helping in the de- 
velopment and operation of silver 
and copper mines in the Dominion 
and properties in other parts of the 
world. After 17 years in foreign 
countries, Mr. Turner returned to 
become director of the Bureau of 
Mines under Secretary of Com- 
(Continued on page 1158) 
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At Salmo, British Columbia, for 


CANADIAN 
EXPLORATION, LIMITED 


...@ lead-zinc flotation plant 
expansion to 2000 tons per day. 


Complete design and 
engineering by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York * Chicago + Hibbing + San Francisco 
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We have recently received a well 
deserved complaint for using the 
initials MGG in the above caption. 
Let’s clarify the situation once again 
and inform our membership that if 
your major interests are in mining, 
geology, or geophysics, you belong 
in the MGG Division. Oops—we 
used those initials again. We hope 
to get away from this problem and 
would like now to present the solu- 
tion. Please study the proposed new 
Bylaws of our Division that are pre- 
sented below. These suggestions 
came from the Division’s Executive 
Committee. 

First—We suggest a change in the 
name to the Mining and Exploration 
Division and invite the geochemists 
to join our group. 

Second—We revised the slate of 
officers to represent the entire Di- 
vision rather than particular func- 
tions in our group. 

Third—The Bylaws provide Unit 
Committees that accommodate ac- 
tivities of the special interests in 
our group. 

Fourth—This proposal eliminates 
duplication of effort in program, 
publications, and membership activi- 
ties. Your Executive Committee 
hopes that these new rules will elim- 
inate the old feeling of breaking our 
Division into Subdivisions of special 
interest, and will tend to strengthen 
the overall organization. 

These Bylaws were approved by a 
majority of the MGG Executive 
Committee and are presented here 
to the membership for their infor- 
mation and study. Please vote and 
indicate your desire in the accept- 
ance of these Bylaws. Fill in the 
ballot, right, and send it in by Octo- 
ber 31 to Glen A. Burt. 

We trust that these suggested 
changes will be approved by our 
members and the AIME Board of 


Directors. If so, they will become 
effective at the time of our Annual 
Meeting, February 1958, in New 
York. 
C. L. Wilson 
Article | 


Name and Object 


Section 1. This Division of the So- 
ciety of Mining Engineers of the 
Americal Institute of Mining, Met- 
allurgical, and Petroleum Engineers 


shall be known as the Mining and 
Exploration Division. 


Section 2. The objective of the Min- 
ing and Exploration Division shall 
be to furnish a medium of coopera- 
tion between those directly en- 
gaged in metal mining and those en- 
gaged in the technologies of mineral 


exploration. To further the objec- ~ 


tive toward a common goal and ad- 
vance these branches of the mining 
industry, this Division will promote 
and publish papers, arrange meet- 
ings and programs, and encourage 
education on any subject related to 
these phases of the industry. 


Article Il 
Members 


Section 1. Any member of the 
American Institute of Mining, Met- 
allurgical, and Petroleum Engineers 
and the Society of Mining Engi- 
neers may become a member of this 
Division by indicating to the So- 
ciety of Mining Engineers in writing 
his desire to do so. 


Article Ill 
Officers 

Section 1. Division Officers. There 
shall be a Chairman, Assistant 
Chairman, three Vice Chairmen, and 
a Secretary equitably representing 
the membership of the various fields 
of interest within the Division. The 
Division offices should be rotated to 
represent the various fields of in- 
terest as qualified candidates be- 
come available. 


Section 2. Nomination and Election 
of officers. The Nominating Com- 
mittee shall report to the Chairman 
on or before May 15 the nominees 
for Chairman, Assistant Chairman, 
and three Vice Chairmen. In turn 
the Chairman shall arrange for the 
publication of the names submitted 
in the July issue of Mrninc ENcI- 
NEERING and shall also advise the 
Secretary of the Society of Mining 
Engineers of the nominations. Other 
nominations for office may be made 
and forwarded in writing to the 
Secretary of the Society up to Au- 
gust 15, for publication in the Octo- 
ber isssue of Mrntnc ENGINEERING. If 
such nominations are made, letter 
ballots will be prepared for return 
not later than November 1. If no other 
nominations are received the candi- 
dates nominated by the Committee 
will be considered elected and will 
take office at the Annual Meeting. 


Article IV 
Committees 


Section 1. Executive Committee. 
The Executive Committee shall con- 
sist of the officers listed in Article 
Ill, Section 1, the Chairman of each 
of the Unit Committees, and the 
most recent Past-Chairman of the 
Division. For the transaction of busi- 
ness the presence of a quorum of not 
less than five (5) members shall be 
necessary. If there are less than the 
required quorum of five (5) present 
at the meeting, the meeting shall be 
held and the minutes circulated to 
the entire Committee for approval. 
(Continued on page 1159) 


O YES 


Mining, Geology, and Geophysics Division Members _- 


VOTE NOW 


Please signify your approval or disapproval of the proposed Bylaws by 
marking an X in the proper box below. Sign and return this ballot 
(before midnight, October 31) to: Glen A. Burt, MGGD Secretary, 808 
Kearns Building, Salt Lake City, Utah. 


| approve the Proposed Bylaws as published in the October 1957 
issue of MINING ENGINEERING 


NOTE: Ballots will be invalid unless marked, signed, and postmarked 
no later than midnight, Oct. 31, 1957. 
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Scott Turner 
(Continued from page 1156) 


merce Hoover, continuing when Mr. 
Hoover became President. Mr. Turn- 
er served in Washington nine years. 
Later he became associated with 
various mining activities as execu- 
tive or consultant. 

Important government §assign- 
ments took him to many areas. 
Among the agencies for whom Mr. 
Turner engaged in public services 
were the Federal Oil Conservation 
Board, Nationa] Research Council, 
Research Committee of Engineering 
Foundation, International Geologi- 
cal Congress, council and board of 
the World Power Conference, State 
Dept., Dept. of Justice, Secretary of 
the Treasury, and Secretary of War. 
Mr. Turner participated in inter- 
national mining and world engi- 
neering congresses and other major 
world meetings. 

Mr. Turner became a member of 
AIME in 1906 and President in 1932. 
He is a member of the Mining and 
Metallurgical Soc. of America, 
CIM, and is an honorary member 
of the American Zinc Inst. and of 
the Coal Mining Inst. of America. 
He served two terms as president 
of the American Inst. of Consult- 
ing Engineers. 

He has engaged in many educa- 
tional activities, including years as 


a director and member of the finance 
committee of the Belgian-American 
Educational Foundation. He is a 
member of the American Relief 
Assn. Mr. Turner was one of the 
original group of five men delegated 
to prepare Canons of Ethics in Engi- 
neering, part of the time being chair- 
man of the committee. He has been 
a chairman of Student Guidance in 
the metropolitan area of New York. 


Tampa Meeting 
(Continued from page 1153) 


Since the September issue—in 
which the technical program was 
published on pp. 1014 and 1015— 
went to press, some changes and ad- 
ditions have been made. 

The paper Some X-Ray Diffrac- 
tion Studies of the Leached Zone 
Minerals by Robert W. Gould has 
been transferred from the Tuesday 
.morning, October 15, Geology and 
Geophysics session to a new session 
added on Tuesday afternoon. Insert- 
ed in its place at 10:30 am is The 
Occurrence of Oil in Florida by 
John D. Bates and Joseph E. Banks, 
Coastal Petroleum Co. 

The Tuesday afternoon, October 
15, Minerals Beneficiation session is 
to be a joint one with Industrial 
Minerals. 

The paper Economic Evaluation of 
an Industrial Mineral Project, to 


Yes Sir! You'll Save Plenty 
By insisting On... 


You'll save time because Hoffman 
Oriented Diamond Bits expose only 
the hard, sharp cutting edges to the 
work for faster penetration. They cut 
rather than scrape to save on power 
and equipment costs. They assure 
clean, smooth cores that save the 

esswork on formation structures. 

vailable for prompt right 
to your job site in exactly the size 
and type you need—Hoffman Bits will 
also save you plenty of operational 
headaches. 


Write for Literature and Prices— FREE 
HOFFMAN BROS. DRILLING CO. 


100 Cedar Street 


(SINCE 1902) 
Punxsutawney, Penna. 


be given at 2:30 pm, Tuesday, Octo- 
ber 15, at the Mineral Economics 
session, was written by C. M. Ed- 
wards, International Minerals and 
Chemical Corp. C. E. Gable of the 
same company will present the paper 
for Mr. Edwards. 

Two additional sessions for Min- 
eral Economics and Geology and 
Geophysics have been scheduled for 
Tuesday and Wednesdiy afternoons, 
October 15 and 16. The program of 
these sessions follows: 


TUESDAY, OCTOBER 15, PM 


Geology and Geophysics 
2:00—Sand Ilmenites of the Eastern 
United States: Harry B. Cannon, 
H. B. Cannon Assoc. 


2:30—Some X-Ray Diffraction Stud- 
ies of the Leached Zone Minerals: 
Robert W. Gould, American Cyan- 
amid Co. 


3:00—The Hawthorne and Alachua 
Formations of Alachua County, 
Florida: E. C. Pirkle, University 
of Florida. 

3:30—Topographic, Geologic, and Hy- 
drologic Factors Affecting Methods 
of Treatment and Disposal of Ra- 
dioactive Wastes from Nuclear 
Reactors: Stanley O. Reichert, 
University of Florida. 


WEDNESDAY, OCTOBER 16, PM 


Mineral Economics 


9:30—Productivity in American In- 
dustry: Speaker from U. S. Dept. 
of Labor. 


10:00—The Consolidation and Ex- 
pansion of Markets for Zinc: J. L. 
Kimberley, American Zinc Insti- 
tute. 


10:30—Broad Aspects of the Present 
Aluminum Industry: Paul Brant, 
Reynolds Metals Co. 


11:00—State of the Economy: Henry 
Toland, Exchange National Bank. 


The Wednesday morning, October 
16, Minerals Beneficiation-Industrial 
Minerals session will be a Minerals 
Beneficiation session only. 

The paper Sand Ilmenites of the 
Eastern United States by Harry B. 
Cannon has been transferred from 
the Wednesday afternoon, October 
16, Mining session to the new Geol- 
ogy and Geophysics session on Tues- 
day afternoon. The papers originally 
listed for presentation at 3:00, 3:30, 
and 4:00 pm will now be presented 
at 2:30, 3:00, and 3:30 pm. The last 
two papers on the program for this 
session will deal with Nerezx-liquid 
oxygen explosives, not Merex as 
originally listed. 

Any other program changes will 
be listed in the final program, avail- 
able at the meeting. 


a, 
d 
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Section 2. Unit Committees. There 
shall be a minimum of five(5) per- 
manent Unit Committees represent- 
ing 1) Underground Mining, 2) 
Open Pit Mining, 3) Geology, 4) 
Geophysics, and 5) Geochemistry. 
Other Committees representing any 
phase of the industry may be cre- 
ated at the discretion of the Division 
Chairman, as the need arises. The 
Committee Chairmen shall be ap- 
pointed by the Chairman of the Di- 
vision upon the advice of those 
members interested in that par- 
ticular phase of the industry. Should 
no selection be made by the mem- 
bers, the Chairman shall appoint the 
Committee Chairmen. 

Section 3. Nominating Committee. 
The Nominating Committee shall 
consist of a minimum of eight (8) 
members, including the immediate 
Past-Chairman, the past Unit Com- 
mittee Chairmen, and two (2) others 
to be selected by the Chairman of 
the Division. 


Article V 
Duties of Officers 


Section la, The Chairman shall pre- 
side at the annual business meeting 
of the Division, which will take 
place at the time of the Society of 
Mining Engineers Annual Meeting. 
He shall call other meetings as re- 
quired to transact the business of 
the Division. He shall be responsible 
for coordinating the programs for 
the meetings of the Division. He 
shall name the Chairmen of the 
Unit Committees, as set forth in 
Article IV, Section 2. He shall name 
the Secretary of the Division. 


b. The Assistant Chairman shall 
keep in constant touch with all ac- 
tions of the Chairman and shall act 
in his stead whenever the Chairman 
is unable to function or attend any 
meetings. He shall assist the Chair- 
man as directed. 


c. The Vice Chairmen shall be 
designated as follows: 1) Vice 
Chairman, Publications; 2) Vice 
Chairman, Program; 3) Vice Chair- 
man, Membership. It shall be the 
duty of each Vice Chairman to co- 
ordinate the Unit Committees’ ac- 
tivities under classification. 
Each shall act as a liaison officer 
between the Division and the ap- 
propriate officer or committee of the 
Society of Mining Engineers. They 
shall at all times keep the Division 
Chairman and Assistant Chairman 
informed of their activities. 


d. The Secretary of the Division will 
send out meeting notices, take the 
minutes of the Executive Committee 
or business meetings, follow instruc- 
tions of the Chairman of the Division 
and Secretary of the Society of Min- 
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ing Engineers, and perform such 
other duties which may be necessary 
for proper functioning of the Di- 
vision. 


Article VI 
Duties of the Committees 


a. The Executive Committee shall 
be charged with the responsibility 
of conducting the affairs of the Di- 
vision in a businesslike manner. It 
shall have the authority to appoint 
a Chairman Pro Tem to act when 
any of the officers are unable to 
function. 


b. The Unit Committee Chairmen 
shall appoint from members inter- 
ested in their particular unit, Unit 
Committee members on 1) Publica- 
tions, 2) Program, 3) Membership, 
plus 4) any other members for spe- 
cial investigations or projects that 
they may see fit to investigate. Each 
Unit Committee Chairman shall in- 
form his committeemen of the Vice 
Chairman in charge of their specific 
activity and also inform the Vice 
Chairman of the member appointed. 
The Unit Committee Chairman may 
allow the committee member to re- 
port directly to the Vice Chairman 
or may act as an intermediary. In 
either case, the Unit Committee 
Chairman is responsible for proper 
functioning of his committee mem- 
bers. It shall also be the duty of the 
Unit Committee Chairman to can- 
vass the members of his group and 
to report to the Division Chairman 
the name of the member selected to 
succeed him as Unit Committee 
Chairman. This shall be done at 
least two months in advance of the 
Annual Meeting. 


ce. The Nominating Committee shall 
meet to make their selections in time 
to comply with the deadline set in 
Article III, Section 2. Division mem- 
bers having candidates should sub- 
mit the name of the candidate to 
the Committee Chairman prior to 
May 1 of each year. The Committee 
shall give due consideration to all 
names submitted. 


Article Vil 
Funds 


Funds received by or assigned to 
the Division shall be deposited with 
the Secretary of the Society of Min- 
ing Engineers at New York, or at 
any other place and under the re- 
sponsibility of an officer of the Di- 
vision as deemed necessary by the 
Executive Committee for the effi- 
cient operation of the Division. The 
Secretary or other responsible party 
shall submit a statement of receipts 
and disbursements to the Chairman 
of the Division in time for a report 
for the annual business meeting. 
Disbursements from Division funds 
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may be made by the Secretary of 
the Society of Mining Engineers up- 
on authorization of both the Division 
Chairman and the Division Secre- 
tary, for such purposes as have been 
authorized by the Executive Com- 
mittee of the Division. Exceptions 
to this general rule can be made by 
order of the Executive Committee of 
the Division. 


Article VIII 
Meetings 

Section 1. The Division shall meet 
at the same time and place as the 
Annual Meeting of the Society of 
Mining Engineers for the election of 
Division officers and for the transac- 
tion of any other business; and at 
such other times and places as may 
be determined by the Executive 
Committee. Notice of such a meet- 
ing must have been sent to the mem- 
bers of the Division through the 
regular mail, or must have been 
published in MInInc ENGINEERING; to 
reach the members at least 20 days 
before the meeting. 


Section 2. For the transaction of any 
business, the presence of a quorum 
of not less than twenty (20) mem- 
bers shall be necessary. 


Section 3. At the annuai business 
meeting of the Division the order 
of business shall be as follows: The 
meeting will be called to order by 
tne retiring Chairman who will 
transact any necessary business and 
present any reports or call for any 
deemed necessary. He will then in- 
troduce the new officers and turn 
the meeting over to the new Chair- 
man. The new Chairman will an- 
nounce the names of the new Execu- 
tive Committee, appoint a nominat- 
ing committee, and transact such 
other business as necessary. 


Article IX 
Amendments 


Proposals to amend these Bylaws 
shall be made in writing to the Ex- 
ecutive Committee of the Division 
and signed by at least ten (10) mem- 
bers. They shall be considered by 
the Executive Committee and an- 
nounced to the members through 
the columns of MINING ENGINEERING, 
together with any comments or 
amendments made by the Executive 
Committee thereon. They shall be 
voted upon at the Annual Meeting 
of the Division, or by letter ballot, 
as may be directed by the Executive 
Committee and are subject to ap- 
proval of the Board of Directors of 
the Society of Mining Engineers and 
the Board of Directors of the Ameri- 
can Institute of Mining, Metallurgi- 
cal, and Petroleum Engineers. 


peround the Sections 


Colorado Plateau Section was one of the stops made by Augustus B. Kinzel, AIME 
President-Elect, during his tour of operations in the Four Corners area July 12 to 14. 
Undoubtedly uranium and its peacetime uses in atomic energy, the subject of Dr. 
Kinzel’s talk to the section, was the topic for animated discussion by members of the 
Section in this uranium-producing area. Shown, left to right, are: Richard Philippone, 
AEC, chairman of the Section; J. F. Benton, Union Carbide Nuclear Co.; Roy E. O’Brien, 


AIME Field Secretary; and Dr. Kinzel. 


* The Colorado Plateau Section held 
a meeting on the evening of July 13 
at which those attending heard 
Augustus B. Kinzel, one of America’s 
most distinguished scientists and 
AIME President-Elect, speak on the 
necessity of keeping up the present 
mining rate of uranium. Dr. Kinzel 
stressed the point that the mineral 
is in as great demand in this country 
today as it was several years ago. 
Nuclear energy, he said, is just now 
beginning to take a place beside 
other forms of power, such as coal 
and oil. He stressed that in time, 
and if economic conditions justify 
an installation using atomic energy, 
we will see such units. Dr. Kinzel 
has been doing research for Union 
Carbide Corp. for 29 years and now 
is vice president for research. Dur- 
ing his years with Union Carbide, he 
has also served with various AEC 
installations. His views are highly 
respected in the industry. 


e AIME President Grover J. Holt 
was the guest of honor at the Penn- 
sylvania-Anthracite Section annual 
summer meeting. Held at the Irem 
Country Club, Dallas, Pa., on June 
27, the day’s activities were devoted 
to golf, swimming, and other sea- 
sonal past times. About 200 members 
and their wives attended the cock- 
tail party and dinner which climaxed 
the meeting events. Mr. Holt was 
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the featured speaker and his talk 
ranged from Institute affairs to work 
being done in the iron ore field. Paul 
Goddard, Carey, Baxter & Kennedy 
Inc., was chairman of arrangements 
and Robert Walsh, Mine Safety Ap- 
pliances Co., was chairman of the 
cocktail party which preceded the 
dinner. Emerson Todd was chair- 


man and Tom Weichel, assistant 
chairman of the golf committee. 
Cocktail glasses embossed with the 
Section’s insignia were presented as 
favors to those attending the meet- 
ing. 
After the dinner, a short business 
meeting was held. Section officers 
elected at that time include: Walter 
B. Petzold, chairman; Harold B. 
Wickey, vice chairman; Emerson 
Todd, secretary-treasurer; and Floyd 
S. Sanders, ex-officio. Executive 
committee members elected for one 
year are: Garfield Schnee, John S. 
Marshall, Charles S. Kuebler, Robert 
R. Walsh, and Earl W. Lamb. Elected 
for two-year terms were: Thomas C. 
Price, Wesely Stonebraker, Donald 
Markle, Sr., James H. Pierce, and 
Francis O. Case. John H. Wilson, 
George H. Lovell, William C. M. 
Butler, Jr., Edward T. Powell, and 
William H. More were elected for 
three-year terms. 


e The Adirondack Section held a 
midsummer meeting on August 24 
at the Tupper Lake Country Club. 
During the day members enjoyed 
the excellent golf facilities. A panel 
of five members from several dif- 
ferent companies gave short talks 
on quality control problems peculiar 
to their industry. The members of 
the panel and their subjects were: 
Roger Tolosky, Republic Steel, Ly- 
on Mt., Sampling Ore and Concen- 
trates, and Laboratory Work; Dexter 
Hatch, National Lead Co., Tahawus, 
Specific Gravity Analyses of Ores; 
Frank Woodworth, Jr. Jones & 
Laughlin Steel Corp., Star Lake, 
Determining Minimum Mineable 
(Continued on page 1162) 


ANTHRACITE SECTION 


Grover J. Holt was the guest of honor and principal speaker at the dinner which 


climaxed the Pennsylvania-Anthracite Section annual summer meeting. Officers for 
1957-1958 were elected at that time. Seated at the head table are, left to right: 
Walter B. Petzold, incoming Section chairman; Floyd S. Sanders, retiring chairman, who 
has been a Section officer for many years; Mr. Holt; Mrs. Sanders; and E. O. Kirkendall, 
AIME Secretary, who accompanied Mr. Holt on his Section visit. 
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INDUSTRIAL MINERALS DIVISION 


NEWSLETTER 


Dear Members of the 
Industrial Minerals Division: 


We hope to see many of you at 
the Southeastern States Mining Con- 
ference and first Annual Meeting of 
the Society of Mining Engineers to 
be held October 15 to 18 in Tampa, 
Fla. Industrial minerals are well 
represented on the program and we 
hope to have a fine turnout from our 
Division. In any case, your News- 
letter this month is intended to 
bring you up to date on Divisional 
affairs which have occurred during 
late spring and summer. 

Some of you may have attended 
the regional conferences in Reno 
and Portland during April or will 
attend the forthcoming meeting of 
the American Mining Congress in 
Salt Lake City during September, 
and know that industrial minerals 
and developments in that field are 
in the forefront of the discussion. 
Tom Gillingham, our Program 
Chairman, is keeping things going 
by tying together a well rounded 
group of papers in our area for the 
AIME Annual Meeting in New York, 
Feb. 16 to 20, 1958. 


Nominations 

The last Executive Committee 
meeting of your Division was held 
in New York on May 20, 1957. The 
following list of officers for 1958 
was nominated by the Divisional 
Nominating Committee (R. B. La- 
doo, Chairman) and approved by 
the Executive Committee: 

Nominated for Chairman was 
Robert M. Grogan and for Secretary- 
Treasurer, John G. Broughton. Those 
nominated to represent different re- 
gions as Vice Chairmen were: T. E. 
Gillingham, Northeast; Charles E. 
Hunter, Southeast; John B. Patton, 
Mid-Continent; Henry G. Fisk, 
Rocky Mountain; Howard A. Ziebell, 
Pacific Northwest; Lauren A. 
Wright, Pacific Southwest; and Alex 
B. Jackson, Canadian. 

Nominated to serve on the Execu- 
tive Committee for 1957 to 1958 was 
A. O. Bartell with Pauline Moyd as 
the alternate. Nominated to serve 
from 1958 to 1961 were: Frank R. 
Hunter, David M. Larrabee, and G. 
Donald Emigh. 

A. B. Cummins and R. M. Foose 
were nominated for the Society of 
Mining Engineers Nominating Com- 
mittee and G. H. Chambers and 
R. C. Stephenson were nominated as 
alternates. 

Donald R. Irving was nominated 
for the SME Transactions Editorial 
Committee and R. C. Stephenson for 
the SME General Editorial Com- 
mittee. 

The SME Education Committee 
has been expanded, requiring three 
members from our Division instead 


of one. In addition to Sanford Cole, 
who has previously been appointed, 
our representatives now are J. E. 
Allen, Oregon, and J. M. Parker, 
North Carolina. Also at the Execu- 
tive meeting, a report was made by 
the Bylaws Committee. These will 
be announced to the members later 
in the year and voted on at the 
Annual Meeting or before. 


Publications 

J. L. Gillson, Editor of the new 
edition of the Seeley W. Mudd vol- 
ume, Industrial Minerals and Rocks, 
has made an encouraging report on 
the progress of that much needed 
book. Three quarters of the chap- 
ters have been written, and he an- 
ticipates that the entire volume 
should go to press shortly after the 
first of the year. 

As you know, plans had been 
made to publish a second edition of 
the IndMD Directory this year. 
However, the SME has decided to 
publish a directory of the whole So- 
ciety next year as a supplement to 
MINING ENGINEERING. Ray Ladoo, our 
representative on the Executive 
Committee of SME, indicates that 
this directory will follow closely the 
form of our first edition and, thus, 
should be satisfactory for the use 
of Divisional members. 


Industrial Minerals Notes 

With his usual keen interest in 
new and unusual developments in 
our field, Ray Ladoo has called our 
attention to the following items, 
some of them from the less widely 
read technical and trade publica- 
tions. 

Silicate fiber—The Carborundum 
Co. has announced a new fibrous 
synthetic aluminum product capable 
of withstanding over 2000°F. This 
fiber is reported to be flexible 
enough to be used with asbestiform 
textile materials such as yarn, tape, 
and woven fabrics. 

Pollucite—A new and perhaps 
commercial source of cesium has 
been reported from drill cores in 
the spodumene deposits at Bernic 
Lake, Manitoba. Montgary Explora- 
tion reports that five drill cores have 
shown important concentrations of 
pollucite with testing incomplete. 
Drilling carried on so far has shown 
that there are considerable tonnages 
of spodumene ore in the deposits. 

Silica—Ultra-high purity silicon 
(known as hyperpure silicon) has 
become of great and increasing im- 
portance for the making of transis- 
tors and other semiconductor elec- 
trical devices. At least four com- 
panies are now in commercial pro- 
duction and are working on the 
problem. Impurities have been re- 
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duced in some grades to as low as 
one part per billion. Hyperpure 
silicon is made from silicon tetra- 
chloride or tetraiodide. 

Bentonite—A relatively new and 
important market for bentonite has 
developed as a binder for the pellet- 
izing of very fine taconite ore con- 
centrates. 

Feldspar Clays—The formation of 
a new company to produce feldspar 
and high grade clays has been an- 
nounced. This company is known as 
the Lawson-United Feldspar and 
Minerals Co. and is a combination 
of United Clay Mineral Corp. and 
the Lawson feldspar interests. They 
are rebuilding the United Feldspar 
Plant at Spruce Pine, N. C., which 
was partly destroyed by fire some 
years ago. United has been produc- 
ing ball clays in Tennessee and 
Maryland, and kaolin in Georgia, 
South Carolina, and Florida. 

Gypsum-Anhydrite—The August 
1957 issue of Industrial and Engi- 
neering Chemistry contains an 11- 
pp. world review of the status of the 
process for making sulfuric acid 
and Portland cement from gypsum 
and anhydrite. Information is given 
on eight plants in England, France, 
Germany, Poland, and Austria. 

Phosphate Rock-North Carolina— 
Major industrial minerals concerns 
have been exploring the possibilities 
of commercial production of phos- 
phate rock over a large area in 
eastern North Carolina. It is report- 
ed that phosphate beds located at 
depths of 100 to 150 ft occur over 
wide areas. 

J.G.B. 


EJC-ECPD Program To 
Further Mutual Aims 


The Engineers’ Council for Pro- 
fessional Development and the En- 
gineers Joint Council will hold a 
General Assembly at the Hotel Stat- 
ler, New York, on Oct. 24 and 25, 
1957. It will be the 25th annual 
meeting for ECPD and the fourth 
annual general assembly for EJC. 
The purpose of this joint program 
is to express the basic unity and 
complementary nature of the goals 
of the two groups. 

The technical sessions will con- 
centrate on the engineer’s education 
and his role in various segments of 
society. The role of the two-year 
post high school curricula in tech- 
nological education will be dis- 
cussed as well as new dimensions in 
post-graduate education. There will 
be an evaluation of military service 
for the engineer and a panel dis- 
cussion concerning programs de- 
signed to aid engineers to develop 
into management. 

Luncheons will be given both 
days and Thursday evening, Octo- 
ber 24, the Silver Anniversary Din- 
ner of the ECPD will be held with 
C. E. Davies as the speaker. 


Planners Prepare for New Engineering 


A view of the site for the new Engineering Center from the East River looking west. The 
arrow indicates the site and the U. N. building can be seen to the left. Shreve, Lamb & 
Harmon Assoc. have been chosen as the architects for the new center which will be 
located on First Ave. Jaros, Baum & Bolles will be the mechanical consulting engineers 
and Seelye Stevenson Value & Knecht, the structural consulting engineers. For full 
information about the site, see MINING ENGINEERING, September issue, Page 969. 


Mineral Industry 


Meetings 

Oct. 3-5. Seventh Annual Explora- 
tion Drilling Symposium, Univer- 
sity of Minnesota, Center for Con- 
tinuation Study, Minneapolis. 

Oct. 18, Illinois Mining Inst., 65th 
annual meeting, Hotel Abraham 
Lincoln, Springfield, Ill. Oct. 19, 
Illinois vs Minnesota, homecom- 
ing football game, Champaign, III. 

Nov. 14-15, Third Annual Sympo- 
sium on Mining Research, Mis- 
souri School of Mines and Metal- 
lurgy and USBM, Rolla, Mo. 

Feb. 6-7, 1958, California Governor’s 
Industrial Safety Conference, 8th 
annual statewide meeting, includ- 
ing Minera] Extraction section, 
Fairmont Hotel, San Francisco. 


June 23-28, Third International 
Coal Preparation Congress, organ- 
ized by the Centre d’Etudes et 
Recherches des Carbonnages de 
France, Brussels and Liege, Bel- 
gium. 


NOTE 


A limited number of copies 
of Mining Branch Abstracts, 
repared for the AIME Annual 
Resting in New Orleans, Feb. 
24-28, 1957, are still available. 
Copies can be obtained by 
writing to John C. Fox, So- 
ciety of Mining Engineers of 
AIME, 28 W. 39th St., New 
York 18, N. Y., and enclosing 
50¢. Please indicate your Di- 
visional interest at the time 
you order. 


WANTED 


Rare Earth Ores 
CONCENTRATES 


EUXENITE * FERGUSONITE GADOLINITE 
SAMARSKITE THORITE THORTVEITITE 
XENOTIME 
Tell us whot you have. Write: 
RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 
Saint Lovis, Michigan * or P.O. Box 481, Golden, Colorado 
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PERSONALS 


Paul F. Karrow has been appointed 
to the geological staff of the Ontario 
Dept. of Mines. 


Felix S. Dreyer and Richard H. 
Lewin have been elected to the 
board of directors of the Cerro de 
Pasco Corp. 


N. T. Camicia, general manager of 
mines, Island Creek Coal Co., Hunt- 
ington, W. Va., has been elected vice 
president and general manager of 
operations. 


Arthur W. Storm has been appoint- 
ed chief engineer of the new Surface 
Pelletizing Div., Surface Combustion 
Corp., Toledo. 


John F. Myers has left Denver 
Equipment Co. to return to private 
consulting practice. He can be 
reached at 2 Putnam Hill, Green- 
wich, Conn. 


H. Wm. Ahrenholz recently resigned 
from The New Jersey Zinc Co., Flat 


(Continued on the next page) 


Around the Sections 


(Continued from page 1160) 
Grades of Ore and Differentiating 
Magnetic and Nonmagnetic Ore; C. 
Kitts, International Tale Co., Gou- 
verneur, Mine Particle Testing; and 
John R. Reilly, Jr., St. Joseph Lead 
Co., Balmat, Quality Control in 
Sphalerite Flotation. Panel modera- 
tor was John S. Cherry, Westing- 
house Electric Corp. Dinner followed 
the panel discussion and Mr. Cherry 
was the speaker for the evening— 
his subject, statistical quality control 
techniques. 


San Francisco Section’s initial 
meeting for 1957-1958 was held at 
the Engineer’s Club on September 4. 
Speaker for the evening was W. R. 
Paxton who discussed Brief Case for 
Business, a timely topic in view of 
the present uncertainty in regard to 
the future of U. S. economic condi- 
tions. Standard Oil Co. of California 
provided the program for the meet- 
ing. 


Caterpillar Tractor Co. has released 
The Lowbowl Story, an 8%-min 16- 
mm film, which illustrates the Low- 
bowl concept and principles in 
scraper design and which shows its 
advantages over other types. Intro- 
duced in 1955, the design has proved, 
through weighed loads on typical 
jobs, its loading characteristics and 
better traction. The film is available 
through your nearest Caterpillar 
dealer or in writing from the Ad- 
vertising Div., Caterpillar Tractor 
Co., Peoria, Ml. 


7 Center | 


(Continued from preceding page) 


Gap Mine, Treadway, Tenn., and is 
now professor of mining engineering 
at the University of Alabama, Tusca- 
loosa, Ala. 


E. J. CARROLL 


Edward J. Carroll has been named 
sales manager, Mining Tool Div., 
Kennametal Inc., Bedford, Pa. He 
had been assistant sales manager. 
Prior to joining Kennametal, Mr. 
Carroll was assistant superintendent, 
Robena Mine, Coal Div., U. S. Steel 
Corp. 


Ernest M. Spokes has been promoted 
from associate to full professor of 
mining engineering at the University 
of Kentucky, Lexington, Ky. 


Sherwin F. Kelly has spent the past 
year in geological and geophysical 
examinations of copper properties 
and uranium prospects in Cuba. His 
firm has just completed a geophysi- 
cal examination of a nickel property 
in Southern California. Mr. Kelly is 
president of Sherwin F. Kelly Geo- 
physical Services Inc., Amawalk, 


S. F. KELLY 


A number of personal changes have 
been announced by Marion Power 
Shovel Co. Adrien F. Busick, Jr., 
formerly vice president-engineering, 
has been promoted to executive vice 
president and general manager of 
the company, a division of Universal 


CONVEYOR BELTS: 
BY PHONE 


In nation-wide stock for immediate delivery are H-R conveyor 
belts in sizes and grades for virtually every service. Orders 
placed by phone are processed the same day in the H-R ware- 
house nearest you to assure fastest shipment. 

Available from stock are: Maltese Cross—for severest, heavy- 
duty handling of trap rock, stone, ore, etc.; Ajar—for general 
use such as conveying coal, sand, gravel, crushed stone; Conservo 
—for moderate general service with economy; Monarch—for 
special applications requiring resistance to oils and chemicals. 

Breakdown service? When non-standard belts are needed fast, 
as a result of a breakdown, Hewitt-Robins can ship special, 
factory-built belts within one week or less! To order the type 
and size best suited to your requirements, call your nearest 
H-R representative, or Hewitt-Robins, Stamford, Connecticut. 


CONVEYOR BELTING ANDIDLERS.. 
INDUSTRIAL HOSE. 


- POWER TRANSMISSION DRIVES 
. . VIBRATING CONVEYORS, SCREENS & SHAKEOUTS 


OCTOBER 1957, MINING ENGINEERING—1163 


REPLACE 
@ HEWITT-ROBINS| 


Marion Corp. William R. LeMasters, 
who was recently named secretary- 
treasurer, has been elected to vice 
president. Maurice V. Cornell was 
named vice president for the sale of 
large machines, replacing David E. 
Rizor who retired. Mr. Cornell had 
been in the sales department. Philip 
Kass has been appointed executive 
staff assistant. He recently joined 
the company. Three changes have 
been announced in the engineering 
department: Merle V. Lashey has 
become manager of engineering; 
Jack F. Weis is now assistant chief 
engineer for both large and inter- 
mediate machines; and Robert W. 
Bergmann is now electrical engi- 
neer. 


R. E. Tennery has been appointed 
general superintendent of Link-Belt 
Co.’s Los Angeles plant. 


Ray H. Feierabend has been elected 
an assistant vice president of Free- 
port Sulphur Co., the firm has an- 
nounced. He was recently trans- 
ferred to the New Orleans office to 
become responsible for develop- 
mental work relating to Freeport’s 
Grand Isle offshore project. Mr. 
Feierabend is MGG program chair- 
man for the 1958 AIME Annual 
Meeting and was a member of the 
general committee for last year’s 
Annual Meeting in New Orleans. A 
native of Little Rock, Ark., and a 
graduate, in 1942, of Columbia Uni- 


R. H. FEIERABEND 


versity, he joined Freeport as a 
mining engineer at its Hoskins 
Mound, Texas, mine. 


Colorado School of Mines has named 
a three-man committee to direct the 
chemistry department in place of 
the usual department head. The 
committee is comprised of Walter H. 
Dumke, associate professor of chem- 
istry; John T. Williams, assistant 
professor of chemistry; and Robert 
A. Baxter, professor and member of 
the chemistry faculty since 1922. 
W. W. Howe, former head of the 
department retired in June after 
teaching at the School for 28 years. 


W. E. Field, formerly manager of 
the Basin-Jib Mines Ltd. Basin, 
Mont., is now with National Explo- 
rations Ltd., Uranium City, Sask., 
Canada, as manager. 


Donald T. Delicate, formerly super- 
intendent of mines at Homestake 
Mining Co., Utah Div., is now with 
Homestake-Sapin Partners, Grants, 
N. M., as mine superintendent. 


Frank C. Pickard, previously with 
The American Metal Co. Ltc. as a 
consultant, is now with International 
Minerals & Chemical Corp. as proj- 
ect engineer in charge of construc- 
tion for the company’s Canadian 
potash project. 


Dietrich Rontz is with Denver Air 
Machinery Co., Denver. He had been 
with Le Roi Div., Westinghouse Air 
Brake Co., Milwaukee. 


Paul Novotny, formerly with Pacific 
Gas & Electric Co. as an engineering 
assistant, is now with Kennecott 
Copper Corp. as a junior engineer. 


Hubert D. Keiser, chief of the U. S. 
Bureau of Mines, Branch of Rare 
and Precious Metals until his retire- 
ment last year, has been honored by 
the Dept. of the Interior with its 
Meritorious Service Award and Sil- 
ver Medal. Mr. Keiser is now with 
the National Academy of Sciences 
in Washington, D. C. 


Philip D. Bleser, who had been jun- 
ior mining engineer with American 
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THE BIN-DICATOR CO. 


13946 G2Kercheval + Detroit 15, Mich. 
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Features of the Improved 


Micro Switch for con- 
trol circuit. 


Dust-tight gray iron 
housing; std. or exp. 
proof. 


Low Torque Motor 


points for protection 
from vibration. 


Shaft; packed ball 
bearings for H.D. 
operation. 


Mounting Plate 8” dia. 


Fm Flexible Shaft; heavy coil spring molded 
in neoprene for long life under heavy 
load and abrasion. 


Fy Fitting for easy shaft extension 
(> Coated Paddle resists abrasion, 


Explosion-Proof Models; first and only 
units to bear U.L. Label for use in speci- 
fied hazardous atmospheres. 


Write for Bulletin BD-8C. 
or coll 


WE SELL DIRECT + PHONE ORDERS COLLECT 


Make 


D. Terminal Block; 
sy connections. 


pported on 2 bearing 


ecision Ground Drive 


VAlley 2-6952 


Invite your associates to attend the October 
meeting of your Local Section. 


Show him AIME in action. 


Tell him of other AIME meetings he would 
be interested in attending. (Refer to page 
1180 for coming events.) 


Ask him to fill in an application blank. 


Every mining man should be a member of 


October Guest 
Month 


SME of AIME. 


(orem ROTO- | 
\ BIN LEVEL INDICATOR 
> | 
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Smelting & Refining Co., is now as- 
sociated with National Lead Co., 
Tahawus, N. Y., as junior mining 
engineer. 


John W. Donaldson, formerly re- 
search engineer for Quebec Metal- 
lurgical Industries Ltd., is now with 
Heath Steele Mines Ltd., Newcastle, 
N. B., Canada, as assistant mill su- 
perintendent. 


Kenneth C. Vincent of Westvaco 
Mineral Products Div., Newark, 
Calif., has been transferred to the 
Pocatello, Idaho, office of the com- 
pany, a division of Food Machinery 
& Chemical Corp. 


Richard W. Flagg, formerly with 
Dorr-Oliver Inc., Westport, Conn., is 
now associated with Denver Equip- 
ment Co., Denver. 


Cc. W. THOMAS 


Conrad W. Thomas has opened a 
consulting office in the Bank of the 
Southwest Bldg., Houston, and will 
perform general mining consultation 
assignments. He has a broad back- 
ground in mine examination and 
mineral exploration, having worked 
for Texas Gulf Sulphur Co. from 
1951 to 1956 as a mining engineer. 
His work in that period took him all 
over Latin America and to Japan, 
Europe, North Africa, the Middle 
East, and many parts of the U. S. 
Recently he has been doing consult- 
ing work in Central America and 
southern and western U. S. for the 
Pan American Sulphur Co. and 
others. 


P. N. Miles has been named mana- 
ger of the mining sales division of 
Christensen Diamond Products Co., 
succeeding Alan Conner who is di- 
recting operations at Castle Concrete 
Co., a subsidiary of Christensen. Mr. 
Miles, who joined the company in 
1951, has been concerned with the 
sale of diamond bits and associated 
equipment to the mining and con- 
struction industries. He is a grad- 
uate of the University of Utah. 


Charles D. Rubert has resigned from 
Gannett, Fleming, Corddry and Car- 
penter Inc., Harrisburg, Pa., to join 
the staff of Barrett, Haentjens & Co., 


FOR 
DRY GRINDING v 


For any small-scale continuous dry grinding or pulverizing 
problem (such as is found in a pilot plant, laboratory or 
small commercial process) the Hardinge dry grinding unit 
is the solution. Completely self-contained and portable, this 
unit requires only power connections to be placed in opera- 
tion. Includes Constant-Weight Feeder, “Electric Ear” grind- 
ing control, Conical Mill, “Gyrotor” Air Classifier, product 
collector and dust collector. 


FOR WET GRINDING 


Hardinge builds a 
similar unit (right) for 
small-scale wet-grinding 
applications. The 
“package” includes 
mill, classifier, feeder, 
“Electric Ear”, and 
launders. 


Bulletin AH-440-2 


HARDINGE 


COMPANY, INCORPORATED 


YORK, PENNSYLVANIA ° 
New York + Toronto + Chicago - Hibbing - Houston + Salt Lake City + San Francisco 


240 Arch St. * Main Office and Works 
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Hazleton, Pa., manufacturers of 
centrifugal pumps and accessories. 


Philip L. Jones, consulting mining 
engineer, has been appointed direc- 
tor and consultant to the Mining and 
Metallurgical Div., Bruce Williams 
Laboratories, Joplin, Mo. He will 
continue independent work in his 
consulting office in Joplin. 


R. C. H. Goldsmith has taken a posi- 
tion with the South American Gold 
and Platinum Co., Bogata, Colom- 
bia. 


Au-ngse-Ho is now employed by the 
Strandberg Mines Inc., Anchorage, 
Alaska. He graduated in June with 
an MS. in geological engineering 
from Montana School of Mines. 

C. P. De Ferari, previously associ- 


ated with Compania Minera Aguilar 
in Jujuy, Argentina, is now em- 
ployed by the Consorcio Minero del 
Peru of Lima, Peru, as mine super- 
intendent at the San Juan de Lu- 
canas gold and silver mine. 


S. Anderson, formerly general su- 
perintendent for Manganese Inc., 
Henderson, Nev., is now project 
manager, Lucky Mc uranium opera- 
tion, Riverton, Wyo., for Utah Con- 
struction Co. 


Derek J. Ottley has left Peru and 
has taken a position as lecturer in 
mineral dressing at the Royal School 


Clean Up IN ORE PROCESSING 


C. P. De FERARI 


of Mines, London, England. He also 
plans to work for a Ph.D. degree in 
some practical aspects of mineral 
dressing. 


J. C. Dotson, formerly associated 
with the College of Mines at the 
University of Idaho, is now at the 
College of Mines, the University of 
Arizona in Tucson. 


A. D. Sisk is now associated with 
the U. S. Bureau of Mines, Div. of 
Health and Safety, Washington, D.C. 


Phelps Dodge Corp., Douglas, Ariz., 
announced the following personnel 
changes in western operations: 
Warren E. Fenzi, who is presently 


This pump welcomes 
tough jobs. Water end 
parts are of wear resistant man- 


ganese steel or one of a choice of other 
wear or corrosion resisting alloys. There 
are no submerged bearings—no stuffing 
box. Readily handles thick mixtures. 
Performance Records on type “SWO” 
pumps over a 10-year period indicate 
extremely low replacement parts costs. 
Whether fer continuous or intermittent 
service, it’s the Nagle “SWO” for depend- 
able handling of drainage, tailings, slurries, or froths. 
performing highly satisfactorily in a midwest lead mill. 


SEND FOR CATALOG 5206 


NAGLE PUMPS, INC. 


) 1225 CENTER AVE., CHICAGO HEIGHTS, ILL. 


“AND CORROSIVE APPLICATIONS 


Unit illustrated is 


ABRASIVE 


PUMPS « FOR 
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general superintendent of the Mor- 
enci Branch, has been named assist- 
ant to general manager with offices 
in Douglas; John A. Lentz, Jr., pres- 
ently general superintendent of the 
New Cornelia Branch at Ajo, Ariz., 
has been transferred to Morenci, and 
has become general superintendent 
of the Morenci Branch; Lyle M. 
Barker is manager of operations at 
Morenci; James A. Briggs has be- 
come general superintendent of the 
New Cornelia Branch; and Troy B. 
Hinton has become mine superinten- 
dent, replacing Mr. Briggs. 


Donald Jenkins has been appointed 
southeastern district manager for 
Atlas Copco Eastern Inc. with head- 
quarters in Knoxville, Tenn. He had 
been general mine foreman, Ivanhoe 
Mine, New Jersey Zinc Co., Austin- 
ville, Va. 


H. T. Urband, formerly lieutenant 
jg, USN, is now working as a geolo- 
gist at Phelps Dodge Corp., Morenci, 
Ariz. 


L. S. LOHR 


Lewis S. Lohr has joined the staff 
of Keith N. Meador, consulting min- 
ing geologist in Reno, Nev., and is 
currently engaged in exploration 
and development of iron properties. 
He graduated recently from Mackay 
School of Mines in Reno. 


Doring C. Dahl has left the North 
Carolina State Highway Dept. after 
working on core drilling of two 
proposed tunnels on the Interstate 
highway system. He was field geolo- 
gist in charge of the program. Mr. 
Dahl is now associated with Ameri- 
can Smelting and Refining Co., Page 
Mine, Kellogg, Idaho, as geologist 
and mining engineer. 


Edward A. Krisher has been em- 
ployed by the Dravo Corp., Shaft 
and Tunnel Dept., Pittsburgh, as an 
engineer. 


Patrick V. Gallagher has been ap- 
pointed vice president of McDowell 
Co. Inc. for its Dwight-Lloyd Div., 
Cleveland. He joined Dwight-Lloyd 
in 1955 as chief engineer. Since 1950 
he had been assistant chief engineer 
of M. H. Treadwell Co., New York. 


| 
PLANT CAN BE TOUGH ON A PUMP! “Why E22 
put NOT — 
punes 


Robert W. Tho: a member of the 

office, since WE CAN TELL You 
, has been promoted to manager 

of the firm’s New York office. He JUST WHAT YOU’LL FIND 

joined Trane in 1949 shortly after 

receiving an engineering degree at ell meee 

the University of Southern Cali- i 

fornia. 


L. A. Quinones is now employed by 
Cerro de Pasco Corp. as mine fore- 
man in Peru. 


WE, 


wae 


T. G. GRANRYD 


T. G. Granryd has been appointed 
manager of the Product Improve- 
ment Dept. of The Frank G. Hough 
Co., Libertyville, [1l., a subsidiary of 
International Harvester Co. 


E. G. Bailey, former president of 
ASME, has been made an honorary 
member of the Society. Before his 
retirement he was vice president of 
Babcock and Wilcox. 


Arthur Horen, formerly with U. S. 
Steel Corp., is now employed by 
Universal Atlas Cement Co. as di- 
rector of the Raw Materials Div., 
New York. Universal Atlas is a 
U. S. Steel subsidiary. 


Harry M. Callaway is now an analyst 
for the U. S. Bureau of Mines, Wash- 
ington, D. C., working on analyses 
for the lead and zinc industries. He 
has been with the Eagle-Picher Co. 
as exploration geologist. 


E. J. Perry, Eldorado Mining and 
Refining Ltd., has gone to Europe on 
an extended tour, and is planning a 
number of visits to mining opera- 
tions and plants of various mining 
equipment manufacturers’ while 


Don’t just dig...and hope to find...Call SPRAGUE & 
HENWOOD, and for a nominal cost you'll know just what 


Mother Earth holds in store for you. SPRAGUE & HENWOOD’s 
abroad. Mr. Perry expects to return own manufacturing facilities, and more than seventy years of field 


to Canada late this fall. experience, enables them to obtain the highest percentage of core 
; = from almost any formation. From this core you can obtain accu- 

Donald J. LeGrand is now residing | rate geologic information . .. no guesswork. 

in Panama and is available as a con- | 

sulting geologist. Write to SPRAGUE & HENWOOD, INC. today for an estimate, 
; : giving complete information, and it will be on its way to you just 

H. E. Hawkes, previously with the as quickly as possible . . . without obligation. 

Geology Dept., Massachusetts Insti- 

tute of Technology, is now associ- | 


ated with Div. of Mineral Technol- | SPRAGUE & HENWOOD, Inc. al 


ogy, University of California, Berke- 


ia | SCRANTON 2, PA. 
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service. He is available as a con- 
sultant in Houston. 


George E. McElroy has retired from 
the U. S. Bureau of Mines, Pitts- 
burgh, after 43 years of government 
service and 40 years with USBM. He 
had been chief of the Ventilation 
Section since 1937. 


J. P. Dempsey, previously associated 
with the Tripp Research Corp., is 
now employed by DELUSA, Dallas. 


The Alumni Assn. of Lehigh Univer- 
sity has given William Henry Lesser 
its highest award in recognition of 
his pioneering as a mechanical-elec- 
trical engineer in coal mine electri- 
fication, in development of the sand- 
flotation process for anthracite 
beneficiation, and in mine develop- 
ment in Greece and Mexico; for his 
leadership in professional engineer- 
ing organizations; and for his service 
to the University. 


R. G. ALLEN 


Robert G. Allen has been elected 
vice president of Bucyrus-Erie Co., 
South Milwaukee. He had been 
president of Pesco Products and 
Wooster Divs., Borg-Warner Corp. 
Mr. Allen served two terms in Con- 
gress as the representative from the 
28th district, Pennsylvania. 


Nathan D. Adams has been named 
manager and James M. Hamilton 
assistant manager of the McIntyre 
Porcupine Mines Ltd. operation at 
Schumacher, Ont., Canada. 


W. L. HUBER 


W. L. Huber, manager, Diamond 
Tool Research Co. Inc., New York, 
has been elected president of the 
Industrial Diamond Assn. of Ameri- 
ca Inc. Morris Winston, Diamond 
Drill Carbon Co., New York, and 
Don Wallace, Wheel Trueing Tool 
Co., Detroit, were elected first and 
second vice presidents, respectively. 
The elections took place at the asso- 
ciation’s annual convention at St. 
Clair Shores, Mich. 


L. F. Hickernell has been named 
vice president-engineering, Anacon- 
da Wire & Cable Co. Leonard L. 
Carter succeeds him as chief engi- 
neer. Henry V. Van Valkenburg has 
been named general sales manager. 


Justin L. Beeson has joined the en- 
gineering staff of Michigan Chemi- 
cal Corp., and will be located at the 
company’s research laboratories, St. 
Louis, Mich., where he will work on 
various engineering problems relat- 
ing to rare earths. He had been a 
member of the technical staff of 
Goodyear Tire and Rubber Co., Ak- 
ron, Ohio. 


M. D. Hassialis, professor of mineral 
engineering and executive officer, 
School of Mines, Columbia Univer- 
sity, New York, has entered into an 
arrangement with Haile Mines Inc. 
to develop new processes to treat 
low-grade refractory manganese 
ores, primarily for the steel indus- 
try. 


Donald E. Bobo, Lancaster, Ohio, has 
been awarded the Kennecott Copper 
Fellowship of $2000 for two years of 
study at Harvard Business School, 
Cambridge, Mass. The scholarship is 
awarded annually by Kennecott 
Copper Corp., New York, to an en- 
gineer interested in the extractive 
and metal-using industries, and is 
awarded to candidates for the de- 
gree of niaster in business adminis- 
tration. Mr. Bobo graduated cum 
laude in mechanical engineering 
from Ohio University in 1955 and 
was recently separated from the 
U. S. Air Force. 


Ian K. MacGregor, formerly general 
manager of Manning, Maxwell and 
Moore Inc., Stratford, Conn., has 
been appointed vice president-east- 
ern operations, Climax Molybdenum 
Co., New York. 


1. K. MacGREGOR 


Paul L. Weller has been named east- 
ern representative of the research 


At Wilmington, Delaware, for 
ST. LAWRENCE 
FLUORS PAR, INC. 


...@ 800 tons per day fluorspar 
processing plant. 


Complete engineering by 
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and development division of Spen- 
cer Chemical Co., Kansas City. 


Mine Safety Appliances Co. has an- 
nounced the appointment of Allen 
M. Lundin as sales engineer in the 
company’s Minneapolis office. He 
has been associated with MSA since 
1952, serving in the Billings, Mont., 
office. 


R. J. MALLINA 


R. J. Mallina has joined Gardner- 
Denver Co., Grand Haven, Mich., as 
research consultant. Prior to his re- 
tirement, he was development ex- 
ecutive with Bell Telephone Labora- 
tories. 


George L. Innes is heading the new- 
ly combined chemical sales and de- 
velopment activities of Climax Mo- 
lybdenum Co. He joined Climax in 
1955 as manager of chemical sales. 


A. L. Geisinger, vice president and 
general manager, Plastics Div., Dia- 
mond Alkali Co. since 1953, will re- 
tire at the end of the year. He is 
a veteran of 38 years with the com- 
pany. He will be succeeded as man- 
ager by James P. Okie, assistant gen- 
eral manager. 


George W. Kratz, financial vice pres- 
ident, Pittsburgh Consolidation Coal 
Co., has retired after 50 years with 
the company. He will continue as a 
member of the board of directors 
and of the executive committee. 


J. Wilfred Spooner has been named 
eighth minister of mines, Dept. of 
Mines, Ontario Province, Ottawa. 
His home is in Timmins and is in 
the Porcupine district, one of Can- 
ada’s largest gold mining areas. 


Sidney L. Groff joined the staff of 
Montana Bureau of Mines and Geol- 
ogy, Butte, as geologist and head of 
the groundwater branch. He re- 
ceived B.S. and M.S. degrees from 
Montana State University, and has 
been attending the University of 
Utah. 


Victor N. Antaki is now plant man- 
ager, Air Products Inc., West Palm 
Beach, Fla. 


K. H. BAESSLER 


Karl H. Baessler, who has been as- 
sociated with The Colorado Fuel and 
Iron Corp. since 1934, has been ap- 
pointed director of wire product de- 
velopment for the Colorado, Wick- 
wire Spencer, and Pacific Coast 
Divs. of the company. He will con- 
tinue to make his headquarters in 
Oakland, Calif, the CF&I plant 
there. 


Howard M. Stewart, Ray Mines Div., 
Kennecott Copper Corp., Ray, Ariz., 
has been named secretary-treasurer 
of the Eastern Chapter of Arizona 
Soc. of Professional Engineers for 
1957-1958. Others named include: 


TUNNEL & MINE 
EQUIPMENT 
LANCASTER, PA. 


NEW, SAFE and AUTOMATIC 


Mayo Mine Car Coupler 


. .. the coupler with the mating instinct 


Mayo’s new, cast steel coupler for narrow gauge mine 
cars couples instantly on tangent or curves. Safe, self- 
centering link completely eliminates all hazards of 
hand couplings. Only a little more expensive than 
link-and-pin, it more than pays for itself by pre- 
venting accidents. If you can save one smashed finger, 
you’ve got these couplers paid for. Easily installed by 
bolting to existing cars. Write for Bulletin No. 21. 


Shields-AirLocks 


Steel Forms 
eadframes 
Muck Bins 


Locomotives 
Mine Cars 
Grouters 


Half Century 


Experience in 


Exploration and Development 
Diamond Core Drilling 
Rock Breaking — Grouting 
Shaft Sinking 
Mining — Quarrying 
and Tunnel Driving 
Full details on request 
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George W. Legters, Jr., Arizona 
State Highway Dept., Globe, is pres- 
ident of the Chapter, and Starling 
H. Morse, Gila County, Ariz., Engi- 
neer, Globe, is vice president. C. Le- 
roy Hoyt, Ray Mines Div., Kenne- 
cott Copper Corp., Ray, Ariz., is 
chairman of the Public Relations 
Committee of the Arizona Society. 


R. P. BROOKS 


Robert P. Brooks, northwestern sales 
manager, Bucyrus-Erie Co., Seattle, 
has been promoted to assistant sales 
manager, large machines and blast 
hole drills, and is working from the 
South Milwaukee office. 


Edward F. Hahnfeldt has been 
named Pittsburgh district sales man- 
ager for Mine Safety Appliances Co. 
He had been a member of the sales 
staff of Velocity Power Tool Co., 
Chicago, a subsidiary of MSA. The 
company also announced that Don- 
ald F. West has been transferred to 
Atlanta as sales manager. He had 
been serving as product line mana- 
ger in MSA’s Pittsburgh office. 


R. H. Winters took office on Septem- 
ber 9 as president of Rio Tinto Min- 
ing Co. of Canada, Ltd., Toronto. 


| J. N. V. Duncan, managing director 


of the parent company in London, 
had been serving as president of the 
Canadian firm. He remains as a 


| member of the board of directors. 


H. R. COLEN 


Henry R. Colen, formerly geological- 
mining engineer, International Min- 
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erals and Chemicals Corp., Colum- 
bia, Tenn., has been named general 
manager of Minquim Internacionales 
S.A. de C.V.’s new subsidiary, head- 
quartered in Monterrey, Mexico. 


Samuel Riker, Jr., treasurer of The 
New Jersey Zinc Co., New York, has 
also been elected secretary. 


Ross E. Gamble, formerly mill su- 
perintendent, Copper Range Co., 
Freda, Mich., is now assistant mill 
superintendent, White Pine Copper 
Co., White Pine, Mich. 


Harry L. Schell, mining engineer, 
has joined the health and safety 
staff, U. S. Bureau of Mines, Duluth. 


G. Grassmuck has left Argentina to 
return to Canada where he will be 
working for Quebec Metal Mines 
Accident Prevention Assn., Bour- 
lamaque, Que., Canada. 


Dale E. Hirschfeld, sales engineer, 
Jeffrey Mfg. Co., has been trans- 
ferred to the Bluefield, W. Va., Beck- 
ley district office. 


Books 


(Continued from page 1046) 


pp., members—$3.25, nonmembers— 
$6.50, 1957.—This manual is a most 
complete and comprehensive fore- 
man training aid. The manual con- 
tains 12 chapters covering every ma- 
jor aspect of occupational accident 
prevention. e 


Mining Directory Of Minnesota, 
1957, by Henry H. Wade and Mildred 
R. Alm, Mines Experiment Station, 
University of Minnesota, Minneapo- 
lis, 288 pp., $1.00.—A list of all op- 
erating companies and major hold- 
ing organizations identified with 
Minnesota iron ranges, together 
with officials, subsidiary and affiliat- 
ed companies, as well as pertinent 
information, general statistics, and 


maps. 


Route-Mapping and Position-Finding 
in Unexplored Regions, by W. Fil- 
cher, E. Przybyllok, and T. Hagen, 
Academic Press Inc., 111 Fifth Ave., 
New York 3, N. Y., 288 pp., $9.00, 
1957.—Ground route mapping as dis- 
tinguished from that making full use 
of photogrammetry is the main sub- 
ject of this book. The two principal 
parts of the book are given over to 
a method of route mapping and po- 
sition finding. The third part takes 
account of photography as an aid in 
route mapping and topographical 
surveys. Each part has its own 
author who is an expert in his 
field. @ 


Handbook for Uranium Prospectors 
Revised, by the U. S. Atomic Energy 
Commission and the U. S. Geologi- 
cal Survey, Washington 25, D. C., 
75¢, 1957.—The revision includes an 
enlarged section on the geological 
occurrence of uranium based on the 
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large amount of new information 
developed during the growth of the 
uranium industry since the earlier 
edition (1951). The booklet is de- 
signed to answer inquiries received 
by Government agencies as a result 
of the AEC’s domestic uranium pro- 
curement program. 


Geological Field Methods, by Julien 
W. Low, Harper & Brothers, 489 pp., 
$6.00, 1957.—For the inexperienced 
man in the field, this manual con- 
tains, in addition to the major out- 
lines of geologic field work, hints 
and help on the minor aspects of 
methods and procedures which the 
author, from his long experience, 
has found most often needed in car- 
rying out assignments. 


Uranium and Thorium-Bearing Min- 
erals in Placer Deposits in Idaho, by 
J. Hoover Mackin and Dwight L. 
Schmidt, Idaho Bureau of Mines 
and Geology, University of Idaho, 
Moscow, Idaho, 9 pp., 25¢, 1957.—It 
deals with the economic geology of 
one of the big and relatively unde- 
veloped mineral resources, the ura- 
nium and thorium-bearing placer 
deposits of central Idaho. 


Reactive Minerals In Idaho, by C. F. 
Cook, Idaho Bureau of Mines and 
Geology, University of Idaho, Mos- 
cow, Idaho, 5 pp., 25¢, 1957.—The 
pamphlet contains reports on urani- 
um and thorium deposits in Idaho. 


Some Occurrences of Uranium and 
Thorium in Montana, by Leonard D. 
Jarrard, Montana Bureau of Mines 
and Geology, Room 203-B, Main Hall, 
Montana School of Mines, Butte, 
Montana, 90 pp., $1.00, 1957.—The 
main reason behind the publication 
of this report is the increased num- 
ber of inquiries concerning the stat- 
us of known and potential uranium 
and thorium deposits in the state. 


Hydrometallurgy of Base Metals, 
edited by George D. Van Arsdale, 
McGraw-Hill Book Co. Inc., revised 
edition, 360 pp., $9.50, 1957.—Here is 
the practical reference guide that 
fully explains all steps in the recov- 
ery of base metals by leaching— 
from the preparatory ones of crush- 
ing, grinding, and roasting, through 
the leaching processes and the final 
precipitation of the metal. All kinds 
of information—operating data, flow 
diagrams, cost figures, equipment 
descriptions—are included to make 
this book as clear and useful a guide 
as possible. ¢ 


Nonmetallic Minerals, by Raymond 
B. Ladoo and W. M. Myers, McGraw- 
Hill Book Co. Inc., revised edition, 
605 pp., $11.00, 1957—This book 
provides a comprehensive coverage 
of nonmetallic minerals essential as 
raw materials to the chemical, con- 
struction, ceramic, fertilizer, abra- 
sive, and other industries. Whatever 
your question on a particular non- 
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SYNTRON COMPANY | 


BIN VIBRATORS 


Work for the Mining Industry 


—Keep coal free 
from arching and 
plugging in chutes, 
bins and hoppers. 


SYNTRON Bin Vibrators help main- 
tain production schedules by completely 
eliminating arching and plugging of ma- 
terials in bins, hoppers and chutes. Their 
3600 controllable vibrations per minute 
keep even the most stubborn materials 
flowing freely without damaging equi 
ment. Move material economically, effi- 
ciently and safely—eliminate slow man- 
ual rodding and hammering. 

SYNTRON Bin Vibrators are efficient 
and dependable—built for 24 hour-a-day 
operation with low operating and main- 
tenance costs. 

Available in electromagnetic, pneu- 
matic or hydraulic powered units in 
sizes to handle from 1 cubic foot hoppers 
to large bins and bunkers. 

Our application Engineers will submit 
recommendations upon your request. 


Builders of Quality Equipment for more than a Quarter-Century 
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A MEMORIAL VOLUME TO C. H. HERTY, JR. 


DEOXIDATION OF STEEL 


TABLE OF CONTENTS 


Preface 


Frontispiece 
Charles Holmes Herty. Jr. Sketch 


The Significance of Herty’s Work to Medern Steet Practice bn 
G. R. Fitterer . 
Elimination of Metalloids in the Basic Open Hearth Process by 
J. L. Keats and ©. H. Herty, Jr.. Trans. \IMEF. Vol. 73. 1079- 
1106, 1926 . ‘ 
Chapter UL. The Solubility of Iron Oxide in ven by C. H. Herty, Jr., J. M. 
Gaines, Jr. B. M. Larsen. W. A. Simkins, R. 1. (Geruso) 
$ 10 00 Humphrey and S. P. Watkins, Cooperative Bulletin No. 34, Metal- 
lurgical Advisory Board®, 68 pages, 1927 
Chapter IV : New Method for Determining Iron Oxide in Liquid Stee! by 
. H. Herty, Jr.. J. M. Gaines, Jr. Hyman Freeman and M. W 
AIME Members: ighennn. Trans. AIME. Iron and Steel Division, Tech. Paper 
Sil, 28-38, 1930 
Deoxidation with Silicon and the Formation of Ferrow- Silicate 
Inclusions in Steel by C. H. Herty, Jr, and G. R. Fitterer, 
$ 7.00 Cooperative Bulletin No. 36, Metallurgical Advisory Board. 
94 pages, 1928 
Deoxidation with Silicion in the Basic Open Hearth Procem 
by C. H. Herty, Jr. C. F. Christopher and R. W. Stewart. 
Cooperative Bulletin No. 38, Metallurgical eae Board. 172 
pages, 1930 .... 
Chapter VIL. Deoxidation of Stee! with Aluminum by C. H. Herty. Jr.. 
G. R. Fitterer and J. M. Byrns, Cooperative Bulletin No. 46. 
Metallurgical Advisory Board, 45 pages, 1930 
Chapter VII. Deoxidation of Open Hearth Steel with Manganese- Silicon Allows 
by C. H. Herty, Jr., C. F. Christopher. M. W. Lightner and 
Hyman Freeman, Coop Bulletin No. 38. Metallurgical \d- 
visory Board, 71 pages, 
The Control of Oxide in = Basic Open Hearth Process He 
C. F. Christopher, Hyman Freeman and C. H. Herty, Jr., 
operative Bulletin No. 68. Advisory Board. 
pages, 1934 
The Effect of Deoxidation on the enpect Strength of Carbon 
Steels at Low Temperatures by ©. H. Herty, Jr. and D. L. 
McBride, Cooperative Bulletin No. 67. Metallurgical Advisory 
Board, 60 pages, 1934... . ‘ 


Price: 


1957 


AIME, 29 W. 39th St., New York 18, N. Y. 
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metallic mineral you can locate 
accurate dependable answers quickly 
in this comprehensive reference. @ 


Mine Plant Design, by W. W. Staley, 
McGraw-Hill Book Co. Inc., revised 
edition, 540 pp., $10.00, 1957.—This 
book provides, in a single convenient 
volume, material which will be 
helpful to mine engineers, operators, 
and superintendents in choosing 
mine equipment, and in solving 
kindred problems of construction, 
machines, etc. © 


Corporate Secretary’s Manual and 
Guide, revised edition, The Parker 
Publishing Co. Inc., Englewood 
Cliffs, N. J., 1600 pp., $12.50, 1957.— 
The manual outlines all the duties 
of all corporate officers and provides 
the corporate secretary with a con- 
venient checklist of the things that 
must be done for the efficient and 
legally sound handling of corporate 
affairs. It shows how to prepare and 
conduct corporate meetings; explains 
proper parliamentary procedure; 
gives invaluable assistance on stocks, 
dividends, taxes, borrowing, and 
thousands of other matters with 
which the corporate officer must 
deal. e 


Professional Engineers’ Income and 
Salary Survey, by the National So- 


ciety of Professional Engineers, 2029 
K St., N. W., Washington 6, D. C., 
$1.00, 1957.—The survey, third in a 
series started by the National So- 
ciety in 1952, is based on an analysis 
of 17,000 questionnaires returned 
from registered professional engi- 
neers in all the technical branches. 
The survey shows an increase of 21 
pct in the median earnings of engi- 
neers during 1952-1956, as indicated 
on the questionnaires returned, and 
gives other valuable information. 


Supplement to Encyclopedia of 
American Associations, published by 
the Gale Research Co., 1116 Book 
Tower, Detroit 26, Mich., $15.00, 
1957.—Nine hundred national asso- 
ciations, societies, organizations, and 
labor unions are listed in the sup- 


plement. Each listing includes the 
national headquarters, executive 
secretary, number of members, 


founding date, and a brief descrip- 
tion of the activities and purpose. 


Instructional Film Research Reports 
volume II, published by the Office of 
Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C., 
1033 pp., $6.00, 1957——-Volume I of 
this series, PB 111000 Instructional 
Film Research 1918-1950, 185 pp., 
also is available from OTS at $2.50 
a copy. 


A Preliminary Report on the Strati- 
graphy of the Uranium-Bearing 
Rocks of the Karnes County Area, 


Science Foundation 
publications are now available 
and lists will be sent upon re- 


National 


quest. Address inquiries to 
Publications Office, National 
Science Foundation, Washing- 
ton 25, D. C. 


South Central Texas, by D. Hoye 
Eargle and John L. Snider, prepared 
in cooperation with the USGS by 
Bureau of Economic Geology, The 
University of Texas, Austin 12, 
Texas, 25 pp., 50¢, 1957.—This 
pamphlet presents results of a pre- 
liminary investigation of the strati- 
graphy of the uranium-bearing for- 
mations through Karnes County and 
adjoining counties to the southwest 
and of the correlation of the poten- 
tially uranium-producing beds in 
drill holes and surface exposures. 
Several contacts were mapped in 
reconnaissance in the area. 


Laws and Regulations Governing 
Mineral Rights in Arizona, by Vic- 
tor H. Verity, revised edition, Dept. 
of Mineral Resources, State of Ari- 
zona, Phoenix, Ariz., 71 pp., 30¢, 
1957.—This revised edition, made 
necessary by changes in law, is 
limited to the Federal and State 
mining laws as they apply within 
the state of Arizona. The depart- 
ment keeps informed on new and 
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This Rex Heavy-Duty Feeder is built for your 
rough, tough service—usually the feeding of 
coarse materials from bins. The load is carried 
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Books 


(Continued from page 1173) 


pending legislation, changes in 
freight rates, tariffs, trade agree- 
ments, taxations, and other factors 
which affect the mining industry. 


U. S. Bureau of Mines Publications 


Request free publications from: 


Publications Distribution Section 
U. S. Bureau of Mines 
4800 Forbes Street 
Pittsburgh 13, Pa. 


RI 5280 Some Variables in Treat- 
ment of Scheelite with Soda Ash. 

RI 5282 Method of Fluorometric 
Determination of Beryllium. 

RI 5283 Synthetic Mica Investiga- 
tions. ViIlII—Manufacture of Fluor- 
Phlogopite by Internal Electric- 
Resistance Melting Process. 

RI 5284 Leadville Drainage Tun- 
nel Second Project, Lake County, 
Colo. 

RI 5285 Mercury Deposits in Ne- 
vada and Malheur County, Ore. 

RI 5286 Analysis of Crude Shale 
Oil. Part 2, Some Brazilian and U. S. 
Oils. 

RI 5287 Anthrafines for Producing 
Metallurgical Coke. 

RI 5288 Methane Buildup During 
Cutting and Continuous Mining Op- 
erations. 

RI 5289 Waterborne Wastes of 
Mineral Industries, New England- 
New York Region. 

RI 5290 Anthracite Mechanical- 
Mining—Use Yielding Steel Sup- 
ports in Combination with Backfill- 
ing for Mining Thick Flat Beds. 

RI 5291 Diamond Bit Performance 
in Schist. 

RI 5293 Sunthetic Asbestos. III— 
Synthesis and Properties of Fibrous 
Potassium-Lead Silicate. 

IC 7766 Mining Methods and 
Costs, Standard Uranium Corp., Big 
Buck Mine, San Juan County, Utah. 

IC 7767 Potential of Heavy-Min- 
eral-Bearing Alluvial Deposits in 
Pacific Northwest. 

IC 7768 Sampling Deep Ore De- 
posits by Rotary Drilling and Meth- 
ods of Surveying and Controlling 
Direction of Drill Holes. 

IC 7770 Reconnaissance of Sulfur 
Resources in Wyoming, Colorado, 
Utah, New Mexico, Arizona. 

IC 7774 Mining Methods and Costs 
at Westside Mine of Eagle-Picher 
Co., Cherokee County, Kan. 

IC 7776 National Annual Diesel 
Fuel Survey, 1956. 

RI 5292 Mining, Manganese De- 
posits in Maggie Canyon Area, Ar- 
tillery Mts. region, Mohave County, 
Ariz. 

RI 5294 Petrographic Composition 
and Free-Swelling Properties of 
Chilton Coal. 

RI 5295 Expansion of Coal in Sole- 
Heated Oven. Dry Bulk Density, 
Moisture Content, Particle Size. 

RI 5296 Tuffs near Lysite, Wyo., 
for Selenium. 

RI 5297 Production of Crude Am- 
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monia-Synthesis Gas from North 
Dakota Lignite in Annular-Retort 
Gasifier. 

RI 5298 Volatilization of Tin Chlo- 
rides from Slime. 

RI 5299 Relative Corrosion Resist- 
ance of Titanium and Some of Its 
Alloys. 

RI 5300 Relationship of Compo- 
sition to Thermal Stability in Hueb- 
nerite-Ferberite Series of Tung- 
states. 

RI 5301 Mineral Dressing Study of 
Manganese Deposits of Batesville, 
Ark., District. 

RI 5302 Low-Temperature Tar 
from Fluidized Carbonizing Reac- 
tors. 

RI 5303 Bulk Sampling of Diamond 
Drilling, Dudley Manganese De- 
posit, Northern District, Aroostook 
County, Me. 

RI 5305 Preparation of High- 
Purity Electrolytic Chromium. 

RI 5307 Effects of Substituting Va- 
rious High and Low Volatile Coals 
in Foundry Coke Blends Carbonized 
in Tuscaloosa and Sole-Heated 
Ovens. 

RI 5308 Laboratory Cleaning Trials 
on Pennsylvania Anthracite’ in 
Baum-Type Jig and Dense-Medium 
Pilot Plant. 

RI 5309 Characteristics, Analyses 
of 92 Colorado Crude Oils. 

RI 5310 Anchorage Testing of 
Mine Roof Bolts. Part 3, Expansion- 
Type %-in. Bolts. 

RI 5311 Consumable-Electrode Arc 
Melting of Titanium and Its Alloys. 

RI 5313 Copper-Lead-Zinc Depos- 
its, Cabarrus and Union Counties, 
N. C. 

RI 5318 Development of Transis- 
tor-Type Telephone System for Mine 
Rescue Operations. 


OBITUARIES 


Philip Barnett Bucky 


An Appreciation By 
M. D. Hassialis 


It is with deepest regret that my 
colleagues and I of the School of 
Mines of Columbia University are 
called upon to record the passing 
of Philip Barnett Bucky (Member 
1921), who died on Aug. 8, 1957. 

Born in Chicago in 1899 and edu- 
cated at the University of Illinois 
and Pennsylvania State College, 
Philip B. Bucky came to Columbia 
as an assistant professor of mining 
in 1929. As a result of successive 
promotions he was appointed profes- 
sor of mining in 1942. From 1946 to 
1952 he served the School of Mines 
as its executive officer, a post which 
he relinquished owing to failing 
health. 

Prof. Bucky served his country 
in both world wars; in the first, as 
a carpenters mate in the U. S. Navy 
(1918) and as a captain of the 
American Red Cross (1918-1919); in 


World War II as consultant to a 
number of governmental agencies, 
particularly the Bureau of Mines. 
Although Prof. Bucky’s profes- 
sional achievements range widely 
over the field of mining, he will 
perhaps best be remembered for 
his contributions in and his pioneer- 
ing of the field of barodynamics and 
the application of photoelastic meth- 
ods to the study of stress distribu- 
tion in underground mining struc- 
tures. With the maturing knowledge 
in this field of investigation and 
with the deeper appreciation of the 
need to determine physical proper- 
ties of rocks in situ, the value of 
his early work on laboratory speci- 
mens is sometimes lost sight of. 
However, such hindsight should not 
prevent us from recognizing and 


appreciating both the courage and 
the determination involved in work- 
ing with admittedly crude approxi- 
mations to the ultimate mining 
problem. The important thing is 
that a start has been made. 

Prof. Bucky was a prolific writer 
—a statement attested by his long 
list of publications in the journals 
of AIME and in other journals, by 
his authorship of a book on Mining 
by Block Caving, and by his associate 
editorship of Peele’s Mining Engi- 
neers Handbook. He was also the 
author of a number of patents on 
underground supports, mining meth- 
ods, and crushing devices. His mem- 
bership in various technological 
societies is too long to record but 
special mention should be made of 

(Continued on page 1176) 
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air parcel post? Over 170,000 
engineering texts, and files of 
every worthwhile periodical are 
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to meet your specific needs— 
patents, design, research, con- 
struction, and management 
problems. Charges cover only 
the cost of the services and 
represent but a fraction of the 
value you will receive. 
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his membership in AIME, for this 
was an activity dear to his heart. 

We at Columbia make public 
acknowledgment of our debt to his 
leadership and record herein our 
promise that the paths he has 
broken shall be trod by those who 
follow. 


Worth B. Andrews (Member 1950) 
died on June 26, 1957. at the age of 
75. He was born in Audubon, Minn., 
and was educated at the Michigan 
College of Mines from which he grad- 
uated in 1960. Mr. Andrews was 
mining engineer and oil operator for 
his own company in San Antonio, 
Texas. 


George H. Garrey (Legion of Honor 
Member 1905) died at his home July 
23,1957, shortly after his 82nd birth- 
day. A native of Manitowoc, Wis., 
he attended Chicago University and 
Michigan College of Mines. Mr. Gar- 
rey had been employed by the U. S. 
Geological Survey and had been 
employed as general manager for 
the Reynolds-Morse Corp. in Den- 
ver, Colo. For many years he was 
a consultant in mining geology. 


Stacy H. Hill (Member 1937), re- 
tired mining engineer and former 
district manager for Ingersoll-Rand 
Corp., died at his home on July 7, 
1957 Mr. Hill was born in Mobile, 
Ill., and graduated from the Michi- 
gan School of Mines. 


John E. Jones (Member 1919) died 
July 1, 1957, at his home in Benton, 
Ill. Born in Buckley, North Wales, 
in 1883, Mr. Jones graduated as a 
civil engineer from the Valparaiso 
University in 1910. He was appoint- 
ed as an Illinois State mine 
inspector in 1915 and two years 
later joined the Old Ben Coal 
Corp. for the remainder of his career 
until his retirement in 1953. During 
World War II, Mr. Jones was mine 
safety consultant to the Secretary 
of the Dept. of the Interior and in 
1946 was coal mines administrator 
safety engineer and consultant. 


Necrology 


Date 
Elected Name 
Algernon N. Borszich 
Philip B. Bucky Aug. 
H. E. Crawford Sept. 
Legion of Honor 
Clayton R. Genung Sept. 25, 1955 
Arthur W. Gray Apr. 4, 1957 
December 1956 
Unknown 


William Hart 
Charles K. Leith 
Legion of Honor 
Lesley McCreath Aug. 18, 
Legion of Honor 
Melvin H. Ott 
Edward L. Ralston 
James R. Russell 
R. S. Sherwin 
Eugene Staritzky 
J. B. Tyrrell 
Legion of Honor 
George A. White 
George F. Zoffman 


February 
9 


Russell L. Kelce (Member 1945), 
president of the Peabody Coal Co. 
and board chairman of the Chicago 
Great Western Railway, died on 
June 30, 1957. Born in Pittsburg, 
Kan., in 1897, Mr. Kelce attended 
school there until at an early age it 
was necessary for him to go to work 
in the coal pits. Gov. Phil M. Don- 
nelly had recently appointed him to 
the Missouri Resources and Develop- 
ment Commission. 


Walter C. Kerrigan (Member 1948) 
died July 16, 1957. Mr. Kerrigan was 
assistant to the president of the In- 
ternational Nickel Co. of Canada 
Ltd. and its U. S. subsidiary. He 
had been associated with the firm 
since 1930. Born in New York, he 
attended Rutgers and Columbia 
Universities. Prior to joining Inco., 
he was president and sales manager 
of U. S. Nickel Co, liquidated in 
1929. 


D. Ford McCormick (Member 1920), 
69, died on July 14, 1957, after an 
illness of several months. Mr. 
McCormick was born at Del Rio, 
Texas, and graduated from the Uni- 
versity of Texas in 1908 with a civil 
engineering degree. Two years later 
he received a degree in mining 
engineering at the Colorado School 
of Mines. He managed mines in 
Costa Rica and Cuba. From 1941 to 
1946, Mr. McCormick managed 
quicksilver mines near Winnemucca, 
Nev.; he served as mining consult- 
ant in Oregon from 1946 until his 
death. 


E. S. McCurdy (Member 1917) died 
on July 13, 1957, at the age of 69. 
A native of Ohio, Mr. McCurdy 
studied at Princeton and Columbia 


Mineral Concentration 
Achieves Highest Efficiency 
on the SuperDuty® Table 


The SuperDuty DIAGONAL-DECK® table concen- 


trates minerals most efficiently. It separates heavy San Francisco. Prior to his retire- 
values with uncanny accuracy right before your 


ment he had been a mining consul- 
eyes and spreads its concentrates in wider bands. tant 
You see exactly where to cut for highest grade and D 


yield. Middlings for recirculation are greatly re- 

duced, saving wear on equipment and leaving room Oliver J. Neslage (Member 1936), 

for more tons of new feed per day. Send for Bul- vice president, commercial sales, 
Joy Manufacturing Co., died in 


letin 118-B. 
DEISTER CONCENTRATOR CO., INC. Pittsburgh on June 19, 1957. Born 
in St. Louis in 1893, he graduated 


Universities. Most of Mr. McCurdy’s 
career as a mining engineer was 
spent with the Utica Mining Co. in 


The Original Deister Co., Established 1906 
923 Glasgow Ave. Fort Wayne 3, Indiana 
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Appraisals ( Geophysicists 
Assayers Pr f j S Drilli 

ng 
ofessional Dervices 
Construction Metallurgical 

Space limited to AIME members t have 
Consulting least one member on their staffs. gy per sae Reports 
Drilling J half inch, $25 payable in advance. Valuations 


SIDNEY S. JR. 
Consulting Geol 
814 Newhouse Bui hin 
Salt Lake City 11, U 
Telephone: Elgin 9.0976 


D. H. ELLIOTT 


MINING PHOTOGEOLOGIST 
P. O. Box 1007 Casper, Wyoming 


JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers 
and Geologists 


11 Broadway New York 4, N. ¥. 


* B. BROWN 
exico 


Mine Sampli Me Economic Reports 
Ave de las Quintas No. 20 Tel 307 
Parral, Chih., Mexico 


DAVID LeCOUNT EVANS 
Consultant 


Mining Geology Petroleum Geology 
314 Brown B Wichita, Kansas 
Tel.: "2-8954 or MUrray 5-6437 


HOWA M. FOWLER 
ENGINEER 
P.Eng.: Columbio & Alaske 
408 mon Vancouver, 8B. C. 
: Tatlow 0729 
tillometer 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consultant 
Menticelle, Georgia 


COWIN & COMPANY, INC. 
Mining Engineers and Contractors 
Shaft & Slope Sinking - Mine Development 
Mine Plant Construction 

1-18th Street SW, 
Birmingham, Alc. Phone 56-5566 


FRANCIS H. FREDERICK 
Consulting Geologist 
690 Market Street 
Francisco 4, 

Telephone: Sutter 1-1562 


W. HANSON 
Mining Engineer 
Professional Engineer 
Surveys—Examinat 


Operat 
32 So. 13th E., Salt Loke City 2, Utah 


CARLTON D. HULIN 
Mining Geology 
7 Ardilla Read Orinda, California 


GUY E. INGERSOLL 
Registered Professional Engineer 
in Texas, Arizona and New Mexico 
Mine Examinations and Geo! 
5505 Timberwolf Drive 


C. PHILIP JENNEY 
Consuiti 


PHILIP L. JONES 
Consultant 
Mineral Economics & Minera! Dressing 
Heavy Media Specialist 
405 Miners Bank Bidg. Joplin, Me. 
Tel. MAyfair 83-7161 


RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 
Stuttgart, Arkansas 


Continued 
on 
Page 1178 


from the University of Illinois and 
during World War I served in the 
Corps of Engineers. His entire busi- 
ness career was spent with the Joy 
Manufacturing Co. and its predeces- 
sor, the Sullivan Machinary Co., 
joining the latter in 1916. 


Martin F. Tynan (Member 1935) 
died recently at his home in El Paso, 
Texas. Mr. Tynan was originally 
from New York where he had grad- 
uated from Columbia University in 
1922 with a degree in mining engi- 
neering. He worked as a mining en- 
gineer in Chile and Mexico. In 1954, 
he accepted a position as assistant 
manager for American Smelting & 
Refining Co. in El Paso, the same 
firm for which he had worked in 
Mexico City. 


Ira H. Wynne (Member 1954) died 
suddenly on July 11, 1957, while on 
a business trip to Duluth. Born in 
Pennsylvania, Mr. Wynne attended 
Curry College in Massachusetts 
where he graduated with a B. S. 
degree and the University of Pitts- 
burgh where he received an E. M. 
degree. Mr. Wynne had spent many 
years working in South America and 
was currently associated with Re- 
serve Mining Co. as a consulting 
engineer. 


Roger William Straus (Member 
1916) died on July 28, 1957, of a 
heart attack at his home in Liberty, 


N. Y. Mr. Straus had retired in 
April as board chairman of the 
American Smelting and Refining 
Co. with whom he had been associ- 
ated since 1914. A Princeton Univer- 
sity graduate, Mr. Straus served as 
a member of the U. S. delegation to 
the United Nations General Assem- 
bly in 1954 and he was currently 
chancellor of the State Board of 
Regents. Mr. Straus had been a 
founder and was active in the 
National Conference of Christians 
and Jews. 


MEMBERSHIP 


for Memb 
Society ining of AIME 


Total AIME membership on Aug. 31, 1957, 
was 28,134; in addition 3,143 Student Mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 
Robert Grogan, Chairman; Frank Ayer, 
Jack Bonardi, A. C. Brinker, Jack B. Gra- 
ham, A. McGonigle, F. W. McQuiston, Jr., 
G. R. Spindler, L. P. Warriner. 


The Institute desires to extend its 


. leges to every person to whom it can 


f 
service, but does not desire as members - 
sons who are unqualified. Institute cnewibere 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be for AIME 
membership. 


Members 
Cc. W. Connor, Jr., Gary, W. Va. 
Robert A. Ferron, Grand Junction, Colo. 
John C. Hagen, Iron Mountain, Mo. 
Borge Hjortzberg-Nordlund, Stockholm, 
Sweden 


John E. Husted, Columbus, Ohio 

E. Langston, Saskatchewan, Canada 
Gerald L. Miller, White Pine, Mich. 
Frank M. Monninger, Weed Heights, Nev. 
Lionel C. Piuze, Quebec 

Christian Sontum, Salt Lake City 

Russell C. Thomas, Laureldale, Pa. 

Luigi Usoni, Rome, Italy 


Associate Members 


Angelo A. Adonizio, Pittston, Pa. 

Charles Adonizio, West 

Patrick Adonizio, Jr., ‘a. 

A. Bywaletz, Briarwood, 

Peter B. Petrie, Bountiful. Utah 

Anthony J. Petro, Hazelton, Pa. 

John T. Power, Thicket Portage, Manitoba, 
Canada 

Ernest D. Rinehimer, Jr., Wilkes-Barre, Pa. 

William R. Tise, Los Angeles 

W. Earl Tremayne, Dallas, Pa. 

J. Roy Vandenberg, Grand Junction, Colo. 


Junior Members 


James Norman Hume, Atlanta 
Donald L. Johnson, Pullman, Wash. 
Kent E. Laughery, Austin, Texas 
John E. Wolter, Climax, Colo. 


CHANGE OF STATUS 
Junior te Member 
Hugh W. Evans, Zamboanga City, PI. 
Associate to Member 
Reginald A. Glahn, Potrerillos, Chile 
REINSTATEMENTS 
Members 
O. E. House, Tooele, Utah 
Henry F. C. Rumfelt, S. Milwaukee, Wis. 
jate to Memb 
Alan L. Stedman, Denver 


Student te Member 


Bobby M. Grimm, Price, Ky. 
Robert R. McCabe, Zacatecas, Mexico 
Earl L. Rau, Tucson, Ariz. 


clint 


tte A 
Tao Kao Yui, Hong-King, China 


Student to Junior 
David D. Heald, San Manuel, Ariz. 
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Appraisals 
Assayers 
Chemists 
Construction 
Consulting 
Designing 


Cc. P. KEEGEL 
Mining and Metallurgical Engineer 
Administration Appraisal 
Specializing in Management and 
Consultation in Latin America 
1721 Se. 14th St., Las Vegas, Nevada 
Telephone DUdley 14-6981 


Professional Services 
Continued from Page 1177 


Geophysicists 
Drilling 
Management 
Metallurgical 
Reports 
Valuations 


Consulting 
MILNOR ROBERTS Mining Bm 
The Pacific Northwest, 
British Columbia and Alaska 
4501 15th Ave., N.E. Seattle, Wash. 


KELLOGG EXPLORATION COMPANY 


Air, Ground Surveys and ‘Interpretation 
3301 No. Marengo, Altadena, Calif. 
Sycamore 4-1973 


KELLOGG KREBS 
Mineral Dressing Consultant 
564 Market St., San Frencisce 4, Calif. 


WILLIAM J. SHEDWICK, JR. 


Mine and Geologic Reports 

Mexico and Latin America 

New Jersey License 2744-0 
Reforma 20-302 Mexico 1, D.F. 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
332 8S. MICHIGAN AVE., CHICAGO 


120 WALL 8T., NEW YORK CITY 


KIRK & COWIN 
onsulting + Appraisals + Reports 
1-18th Street Sw, 
Birminghom, Alc. Phone 56-5566 


CLOYD M. SMITH 
Mining Engineer 
Mine Examinations 
Ventilation Surveys 


Mansey Building Washington 4, D.C. 


LEDOUX 
Chemists Assay Spectroscopists 
SHIPPERS REPRESENTATIVES 


Mine Examination Anal 
359 Alfred Ave. Teaneck, New Jersey 


J. R. THOENEN 
Consulting Mining Engineer 
Sanford Day Road 
Concord, Tennessee 


BALL ASSOCIATES 
Ou, Gas and Minerals Consultants 
las Balt Wendell W. rertio 
R. H. Fulton Alan M. Bieber 
A. S. Wyner 


Offices 
1025 Vermont Ave. C. A. Johnson Bidg. 
Washington, D. C. Denver, Colo 
STerling 3-1929 Alpine 5-4878 


H. THURMAN 
FLOY BLANCHARD 
Consulting Engineers 
Bucket & Drag Line Placer Dr 
625 Market St. San Francisco 5, lif. 


HARRY E. LE GRAND 
Consuiting Ground-Water Geologist 
Water Supplies—Mine Drainage 

Investigations—Reports 

P.O. Box 10602 Raleigh, N. C. 


EPH T. MATSON 
CONSULTING MINING ENGINEER 
Examinations—Appraisals 


Operations 
P. O. Box 170 Santa Fe, New Mexico 


LEO H. TIMMINS, P. Eng. 
MINING ENGINEER 
Examinations - Reports 
Prospects 

Suite 700 Sherbrooke, Montreal 
Phone Glenview 2376 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


CLAYTON T. MeNEIL, E. M. 
Consulting Mining Engineer 
822 eae of America Bidg. 

. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


6526 Holiday Drive Phone 
Boise, Idaho 4-1925 
WARREN R. WAGNER 
Geologist 


Serving the Minton Chemical 
and Construction industries 


CENTENNIAL DEVELOPMENT CO. 
nee Mining Engineers 
Contractors 
Shaft Sinking — Tunnel Driving 


Mine Development 
Eureka, Utah Phone 560 


A. SSER & ASSOCIATES, . 
Consulting Mining Engineers @ Con- 
tract Diamond Core Drilling @ Con- 
tract Drilling & Blasting @ Mineral 
Surveying & — a @ Mineral Ex- 
ploration, Domestic Foreign 

Second & Walnut Sts. 
Hillsboro, Oregon Phone 4441 


GODFREY B. WALKER 


Metall lant 


Mineral Dressing & Extractive 
Metallurgy 
Heavy Media a Specialty 


27 Lockwood Drive Olid Greenwich, Conn. 


0. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Cole. 


EAVENSON, AUCHMUTY & 
GREENWALD 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bldg. Pittsburgh 19, Pa. 


ARNOLD MILLER 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement and Recommendations 
Cable: “ALMIL” Tel. Cortlandt 7-0635 
120 Broadway New York 5, N. ¥. 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 


2233 Grape St. Denver 7, Colorado 


MINERAL DRILLING SERVICE 
Mineral Valuations & Surveys 
Core Drilli 
Box 4134 Chattanooga 5, Tennessee 


O'DONNELL & SCHMIDT 
Mining Consultants 
165 Tel. BArclay 7-6960 
New York 6, Y. Cables: EXAMIMINES 


CLYDE H. WILSON 
MINING ENGINEER AND GEOLOGIST 
Registered Professional Engineer 
GEOLOGICAL & GEOPHYSICAL SURVEYS 
Mineral Deposits + Petroleum 
Ground Water 
366 South Fifth East, Salt Lake City 2, Utah 


FAIRCHILD AERIAL SURVEYS, INC. 
Airborne a 
Surveys, Topographic pping, Aer 
Photography, and Photographic Mosaics 
for Mining Exploration. 


224 E. 11th St. 30 Rockefeller Plaza 
Los Angeles New York 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone MAIN 1-1431 
705 Chestnut St. St. Louis 1, Me. 


HARRY J. WOLF 
Mining and Consulting Engineer 
Examinations—Valuations—Ma ment 
One Park Place, New York 7, N. ¥. 
Cable: MINEWOLF Tel. Rector 2-5307 


THERON G. GEROW 


CONSULTANT AND 
ENGINEER 
111 North Wabash Avenue 
Chicago 2, Illinois 


LUCIUS PITKIN, INC. 
Mineralogists 
Assay ers—Chemists—Spectroscopists 
Shippers’ Representatives 
PITKIN BLOG-, 47 FULTON ST., NEW YORK 
Cable Address: Niktip 
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NEWELL G. ALFORD 
Consulting Mining Engineer 
Coal 

- 
Oliver Building Pittsburgh 22, Po. 


GERAGHTY, MILLER & HICKOK 
Consulting Ground-Water Geologists 


Evoluation of Ground-Water Supplies 
Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd St. New York 17, N. Y. 


GRAFF ENGINEERING 
COMPANY 

Mining Engineers and Surveyors 

39 E. Campbell St. Blairsville, Pa. 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacramento Street 
SAN FRANCISCO 


MAC AFEE and COMPANY 
Consulting Engineers 


& Management 
CHEMICAL & METALLURGICAL LABORATORY 
FOR EXACT QUANTITATIVE FLOWSHEET DATA 
3105 Wilshire Boulevard tos Angeles $ 
DUnkirk 8.9674 CABLE MACAFEE 


SHENON AND FULL 


Consulting Mining Geologists 
1351 uth 2200 East 
Salt Lake City 8, Utoh 
Telephone HUnter 4-725! 
Philip J. Shenon Roy P. Full 


JOHN D. HESS 
Consulting Ground-Water Geologist 
por @ Drai 
Facili 


Laboratory ities 
EL CENTRO, CALIFORNIA 


k. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufacturers of Diamond Bits and 
Drilling Accessories 


WARREN L. HOWES 
Consultant 
ing & Metallurgica: Plants 
Project Management 
1305 Hillview Dr., Park, Calif. 
Tel. DAvenport 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 


Conveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 


308 W. Washington St. Chicage 6, Ill. 


JACOBS ASSOCIATES 
Consulting Construction Engineers 
Specialists in tunnel and shaft work 
— Estimates — Methods Analyses -— 
Engineering Geology — Designers of 
hoisting, haulage, materials handling 
and reduction plants. 


503 Market Street, San Francisco 5, Calif. 


JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 
in Metals, Minerals, and Fuels 
724 14th St., N.W., Washington 5, D.C. 
ME 8-1681 


coms DRILLING 
BY CONTRACT 
and world’s A manufacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Centract Core Drill Division 
Mi hig City, Indl 


J. B. MORROW 
COAL CONSULTANT 
Oliver Bldg. _— Pittsburgh, Pa. 


KNOWLES ASSOCIATES 
Chemical - Metallurgical - Mechanical 
ENGINEERS 
URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 
19 RECTOR ST. NEW YORK (6) N. Y. 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Va. 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


Frank M. Murphy & Associates, Inc. 
é 


ROBERT S. MAYO 
Civil Engineer Lancaster, Pa. 
Specializing in Concrete Lining of 
Tunnels, Haulageways and Shafts. 


Special Equipment for Subaqueous 
Construction. 


PENNSYLVANIA DRILLING 
COMPANY 
PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 

We prospect coal and mineral land 
anywhere in North and South America. 


borings for foundation testing; 
dams, bridges, buildings, etc. 


E. J. LONGYEAR COMPANY 


Geology and Mining Consultants 
Photogeology 
76 South 8th St. Minneapolis * Minn. 
Graybar Bidg. New York 
Colorado Bldg. 


2, Colo. 
Shoreham Bidg. 


Washington 5, D. 


Canadian Longyear Ltd....North Bay, Ont. 
Longyear et Cie. 
Longyear N.V. 


Paris, France 
...The Hague, Holland 


PRODUCTION AND 
SPECIAL 


ROGER V. PIERCE 


808 Newhouse Bldg. EMPIRE 83-5378 
Salt Lake City 4, Utah 
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M. G. SMERCHANSKI 
Mining 
Regist rofessional Engineer 
Geological Surveys 
& Development 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington Street 
Boston 8, Mass. 


TORKELSON 


ENGINEERS 
Industrial Plant Design 
Process Development Estimates 
» Economic Studies Plant Layou 


146 South West Temple 
io SALT LAKE CITY 1, UTAH 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 


Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Henry W. Oliver Bidg., Pittsburgh, Pa. 


WORLD MINING CONSULTANTS, 
INC. 
Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N. Y. 
Worth 2-2934 


Processing Plants 
[| 
|| 
Cutting Surveys—Production Analysis 
— Mechanization—Mine Manage- 


Coming Events 


Oct. 3-5, Seventh Annual Exploration 
Drilling Symposium, University of 
Minnesota, Center for Continua- 
tion Study, Minneapolis. 


Oct. 6-9, AIME Society of Petroleum 
Engineers, fall meeting, Adolphus, 
Baker, and Statler-Hilton Hotels, 
Dallas. 


Oct. 10-11, ASME-AIME Coal Div., 
Joint Solid Fuels Conference, Cha- 
teau Frontenac, Quebec. 


Oct. 11, AIME St. Louis Section, fall 
field trip to Illinois-Kentucky 
Fluorspar District. 


Oct. 15-19, AIME, Society of Mining 
Engineers Annual Meeting and 
Southeastern States Mining Con- 
ference, Hillsboro and Tampa Ter- 
race Hotels, Tampa, Fla. 


Oct. 17, AIME Utah Section. Speak- 
er: Robert C. Mayer; subject: 
Furnace Practices and Material 
Handling at Geneva Steel Co. 


Oct. 24-25, ECPD-EJC, general as- 
sembly, Hotel Statler, New York. 


Oct. 30-Nov. 1, AIME Rocky Moun- 
tain Minerals Conference, Denver. 


Nov. 8, AIME Pennsylvania-Anthra- 
cite Section, fall technical meet- 
ing, Wilkes-Barre, Pa. 


Nov. 8-9, AIME Central Appalachian 
Section, West Virginia Mining 
Inst., joint meeting, Greenbrier 
Hotel, White Sulphur Springs, 
W. Va. 


Nov. 11-14, Society of Exploration 
Geophysicists, 27th annual meet- 
ing, Statler-Hilton Hotel, Dallas. 


Nov. 21, AIME Utah Section, panel 
discussion: Mining Industry: New 
Methods, Machines, and Materials; 
moderator—Norman L. Weiss; 
panel—James D. Moore, Joseph 
Rosenblatt, P. K. Richardson, Har- 
vey Mathews. Salt Lake City. 


Dec. 12, AIME Utah Section, The 
Engineering Aspects of American 
Gilsonite Developments by Roy E. 
Nelson; Salt Lake City. 


Jan. 16, 1958, AIME Utah Section, 
panel discussion: Industrial Engi- 
neering Practices in the Mineral 
Industries; moderator—I. K. Hearn; 
Salt Lake City. 


Feb. 16-20, 1958, AIME Annual Meet- 
ing, Hotels Statler and Sheraton- 
McAlpin, New York. 


Apr. 17-19, AIME Pacific Northwest 
Regional Conference, Spokane. 
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ABCs Scale Div. 
McDowell Co. 
Edward & Co. 
Allis-Chaimers Mfg. Co, 
Machinery Div. 


Bert S. Gittins Adv., Inc. 
Allis-Chaimers Mfg. 1039, 1058, 1059, 1071 


Industrial Equipment 
Compton Adv. Inc. 
American Brattice Cloth Corp. .....-.__. 1170 
Tri-State Adv. Co., Inc. 
Co. 10688, 1068C 
James J. McMahon, Inc. 
American Manganese Steel Div. 
American Brake Shoe Co. 1068D 
Fuller & Smith & Ross, Inc. 
Erwin, Wasey & Co., Inc. 
Anaconda Co., The 
Kenyon & Eckhardt, “Inc. 
Armour & Co. ae 
Foote, Cone & Belding 
Athey Products Corp. 1069 
Thomso m Adv., Inc. 
Atte, Copco (Sweden) 1048 
Intam Limit 
Bin-Dicator Co. 
Clark & Bobertz, Inc. 
Bolton Farm Packing Co., Inc. - 
Forristall & Brown Assoc. 
S. Adamson & Assoc. 
Bucyres-Erie Co. 
Bert S. Gittins Adv. 
Caterpillar Tractor Co. 1050, 1080, 1084 
. W. Ayer & Son, Inc. 
Chain Belt Co. snmnepiatiiaiianind 1173 
The Buchen Co. 
Colorado Fuel & tron Corp., The 
Doyle, Kitchen & McCormick, Inc. 
Colorado Iron Works Co. bd 
Walter L. Schump, Adv. 
Dart Truck Co. 
Carl Lawson Adv. 
Deister Co., Inc. 1196 
Louis B. Wade, Inc. 
Denver es Co. 1040, 1041 
Galen E. Broyles Co., , Inc. 
= * 1067 
Stockinger Co. 
Inc. 
Sutherland-Abbott Adv. 
Dow Chemical Co., The 1064, 1065 
MacManus, John & Adams, I 
Dow Corni Gop. 
Church and Guisewite Adv. Inc. 
ipment Engineers, Inc. 
Nort on Jacobs Adv. 
Steel Lacing Co. 
eicker & Meloan, Inc. 
Galigher Co., The - —— . 1049 
. S. Adamson & Assoc. 
Gardner-Denver Co. .. 1043 
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for safety, 
speed, strength 


If your operation involves haulage with 
locomotives and cars in the | to 30-ton 
range, it will pay you to investigate the 
advantages of Willison Automatic Couplers. 

Willisons are Safer—because they couple 
automatically ...Faster—because they’re 
self-aligning ...Stronger—because they take 
the full buff and pull forces without 
depending on intermediate parts. 

Over 100,000 Willison Automatic Couplers 
are in daily use in mines, industrial 
plants and foreign railroad service because 
they’re safer... faster... stronger. 


NATIONAL CASTINGS COMPANY 
Established 1868 Cleveland 6, Ohio 


Canadion Subsidiary 
NATIONAL MALLEABLE AND STEEL CASTINGS COMPANY OF CANADA, LTD. 
128 Simcee Teronte 1, 
WILLISON AUTOMATIC COUPLERS + RUBBER CUSHIONED UNITS 
MINE AND INDUSTRIAL CAR TRUCKS + NACO STEEL WHEELS 

NACO STEEL LINKS AND SWIVEL HITCHINGS 
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Increase Your Production and Mine Safety 
with these M-S:A Communication Systems 


The M.S.A. MinePhone is eliminating commu- 
nication delays in many modern mines every- 
where. This clear, instant two-way voice com- 
munication system coordinates the wide variety 
of operations vital to peak production. Haulage 
moves faster because dispatcher and motormen 
are constantly in touch, even while trips are 
in motion. Shop and maintenance personnel 
are always “‘on call” to keep mining equipment 
in operation. Because messages are relayed 
instantly, on an open-line hook up, the Mine- 
Phone brings an added measure of safety to 
all operations. Write for details. 


\ 


The M.S.A. HoistPhone provides continuous, 
dependable and efficient voice communication 
between hoisting engineer and cage, at any 
level, and when in motion. The system is 
invaluable in emergencies, yet designed for 
day-in-day-out service. Ideal for passenger 
travel, load leveling, inspection trips, and con- 
struction work, the HoistPhone requires no 
special training; utilizes existing wiring. Write 
for complete details. 


SAFETY EQUIPMENT HEADQUARTERS 


When you have a safety problem, M.S.A. is at your service. 
Our job is to help you. 
MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pa. 
At your service: 77 branch offices in the United States and Mexico 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, Winnipeg, Vancouver, 
Sydney, N.S. 
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